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ABS5«aACT 

. _ This report su»«arizes the findings of one of i 

fourteen panels that -studied progress in ;space science applifi^tions 
and defined user needs potentially capable of being net by ' | v. 
space-systea applications. The study was re;quested by the Hationajl / * 
Aeronautics and Space Adoinistration (HASA) and was conducted .by jth^ 
• Space Applications Board. The panels comprised user, specialists i 
froB federal, state, and local gpvema,ents and. fro» business andi 
industry. In this report, the Panel on Inland Water fiegource's 
discusses how and- to what extent space technology can be used to/ 
ioprove the Banageaept of thef natioff's inland water resources. TJ 
ijanageaent is discussed in four 'areas: inve"ntory, basic research 
hfdrolo^i^ balance^ planning, and'operation. (MB) 
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PREFACE 



^ V. ,\^°''^f^^,'^^'^^» the National Aeronautics and Space Administration ' (NASA) 

, asked the National Academy of En^ineeHng* to 'conduct a summerv study o^ future 
•applications/ of space systems, wijh particular emphasis on practical approa-ches. 
taking into consideration socioeconomic benefits . NASA asked that jhrsfLdy 
. also .consider how these; applications would influence or influeng%d,by the 
^pace Shuttle Systeto, the principal space transportation system of the 19S0's. 

o[n December 197^, the Academy agreed to perform the stlidy aj»d assigned the 
task /to -the Space Application^ Board (SAB). 

■ fn the summers of 1967 and 1968,- the National Academy ^f Sciences had " 
ctonvened^ group of eminent scientists and engineers to determii^e what Research 

. and^devjlopmenf was necess:ary to peimit the exploitation of useful' applications 
of earth-oriented satellites. 171^ SAB concluded 4at since the NAS study, 
operational weather and communications satellites and th'e successful first 
year of use. of the experimental Earth Resources T-echnology Satellite had dem6n- 
strated conclusively a technological capability that .could foila a foundation 
for expanding the useful plications of space-derived information and service?, 
and that i,t was now necessaiy to obtain, from a broad cross-section of p-&tentiai 
users, new ideas and needs that mi^t guide the development of future space 
systems for practical, applications. 

After discussions witK'NASA and other -interested federal a'gencies it * ' 
was agreed that a major aim of the. "summer study" should be to involve' and 
to atten^t to understand thp needs of. resource managers and other decision- 
makers who had as yet only considered space systems as experimental rather • 
than as useful elements of major day-to-day operational information and service 
systems. Under the general direction of the SAB. theri. a representative group 
ot users and potential users conducted an intensive two-week studv' to define 
user needs that might be met by infoimation or Service? .derived from earth- 

. orbiting satellites. This worfc wasMone in July 1974 kt Snowmass. Coloradi." 

For the study, nine use4--oriented panels were formed, comprised of present 
or potential pubUc and private users", including businessmen, state asd local 
govemnent officials, resource managers, and other decision-makers. A number ' 

t 4" 



Effective July 1. 1974. the National Academ>' of ScieiKes and" the National 
Academy of Engineering reorganired the' National Research Council into eight 
assemblies and commissions. All.National Academy of Engineering program units 
including thq SAB. became the Assenily of Engineering 



111 



J 



Of scientists and^technologists also participated, functioning essentially 
as expert consultants. The' assignment' macie to the panels included reviewing 
progress in space applications since the NAS study jof 1968* and defining user 
needs' potentially capable of being m^t by space-system applications. User 
specialists, drawn 'frcjm^ federal, state, and local governments and from business 
and industry*, were impaneled in the following fields: • ■ • ' 



Panel 1 

Panel 2 

^anel 3 

Panel 4 

• Panel 5 

Panel 6 

Panel 7 

Panel 8 

Panel 9 



Weather and Climate 
Uses of £oramunications* 
Land Use Planning j 
Agriculture, Forest, and.Ran'ge 
Inlafid Water Resources . f 



Extractable Tlesourees 
'Environmental Quality , . * ' . 

M^rihe and Maritime Uses*' 

Materrals Processing in Space ' ' • 

/ ^ • ^ \ ' • • . 

^ IiT addition^ to stud)^ the Socioeconomic benefits, the influence of tech- 
nolog>v and the interface^with space transportation systems, tfhe following 
pajiels (termetl interactive pianels)^ were convene4: ' 

Panel 10: Ins^titutional Arrangements 

. ' Panel Hx -Qosts and Benefits * 
Panel ^: Space Transportation 

Panel 15: Information* Services and Information Processing * • 

Panel 14: ,Technolog>' 

As a basis for their deliberations, the latter groups used needs expressed 
by the user panels. A substantial^ amount of interaction with the user p^el-s 
was. designed into the study. plan and was found to be bolJi desirable and neces- 
sary. ■ ' ^ , , ' ; 
, The major part of the study was accon^ished by the panels. The function 
of the SAB was to review the worV^of the panels, to evaluate their findings, • 
and to deri^ve from their work an integrated set of major conclusions and re com- , 
mendations. The Board^s findings, which include certain significant recommen- 
dations from the panel reports, as well as more general ones arrived at by 
considering the work of the study as a whole, are contained in- a report pre- 
pared by the Board.** ' ; *v ' / 

It should be emphasized that the stqdy was not designed to make detailed 
assessments of all of th^ factors which shoul*d be considered in establishing 
priorities. In some cases, for example, options other than space systems for 
accomplishing the same objectives may need to be assessed; requirements for 



*National Research CoiHidil. Useful Applications of Karth-OHented Satellites^ 
Report of the Central Review Ccrmittee. National Academy of Sciences, 
Washington, D-C. , 1969.. 

'*Space Applications Boar'd, National Research Council. Practical Applications 
of Space Systems. National Academy of Sciences, Washington, D.C., 1975.^ 
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nc!! r organizatioival siippoft^ may need to be appraised; multiple / ' 

uses of systems may. need to be evaluated t-q. achieve the most efficient ind 
economic returns. In sotae cases, analyses of costs and benefits will be ' 
*^ fn;^ i/^K^ connection, specific cost-benefit studies were not conducted 
'Swl?^ the two-week- study. Recommendations for certain such analyses, - 

5rnrnv-/PP^^J ^^^'^'^ ^-^P^^"'' rkommendations designed ' 

to provide an improved basis upon which ;o mak« cost-benefit assessments. 

' and exIJ^r^^cS" study was designed to provide opportunity for knowledgeable 

^fo3,i ^ '^T^^' '^^^^ ^"1^?' ^° «^P^«"ss their needs for 

in,formation or services which mighf.(or might hot) be met b^'space systems • 
and ta relate the present and -potential cap^ilities of spa?e .system^ to^heir 

or tra.^^l V^ ^' /"^ T ^"^"^^ '° ^'^^'"^ inldetail thfe scientifiic, technical, 
or economic bases -for the needs expressed by the users • ' ' 

that thpJ'^r/^/^''^""!'^ ^^^^^ '^"^H'ty °^ the panels' work and has'asked ' • 
'report 'Jhnr^J' «^ ""f^ available ai .supporting , documents for the- Board's 
rgport. Khile the Board, is m general accord with the paner reports it does 
nbt necessarily endorse them in ever>' detail... • ' reports , it aoes 
s.rl.rII;^?rJ''^"!K°"' ^"'^ recommeijd^tions of this panel, repoi-t should be con- 
lltlA li °^ ^P°^^ prepared by .the Space Applications - 

'rth; n2!/''r ^'''T''. P^'^' rep^e^envJhe ^eSex^l consensu. • 

•of the panel. Some individual members of the panel may not agree with every 
conclusion or recommendation contained in the report.' ^ 
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■ ' • OBJECTIVES OF PANEL ON INLAND WATER RESOURCES ' , - 
■ . • • . . . -■ . • ~ / ■ 

Tlffe stated purpose of .the IST^'Sijimer Study on S^ce Applications Wld - ' 
at Snowmass, Colorado, wa^ as foilows; ' *, • ''-^ 

•Tbp objectivV-'isr to conduct a 'coiiiprehei\st?e sttidy of ^applic^ilions ^ ^ f ' 
: ^ ,of space -systems* for the ISSO'sV^itcluding" practical^ approaches, 
1 asse^siaei^fo^^ scJcio-economic b^nefits, plajihing for imp 1 mentation, 

' and influences, on or by the pfincipal space transportation system ' 
of the era," , ^ ■ . * . . \. 

The primary obj Active of the Panel on fnland Wate^r' Resources was established ^ 
by the PaijSa'as deteriaining liow and td what extent space technology can be used 
in the timely development an'd- imj[flrpvea. mahagei^ent of the " nation ♦ s ^inland v^thx 
. -resoiirtes..^ /' ' . \'- " ' * • ^-^ • ' 

^The temr "space technology^!' as used herein, refeafs ft^a system or system? ' - 
which may include s^tellite^igh- altitude air.c-raft, and ground installations' 
>/with attendant seiiiscirs that^?^ot;ely meSsute various- parameter^ and coHept 
ground^^as^ data and relay them via satellite, to proce^si^^ centers • Data so . 
•obtained m^y be /applied «> four main areas in tye man^ement of water resourced. 

' • V - A . ■ » * 

' . ■ • vV -Irfventoiy * ^ • . . ^ * • . ^ 

,* ^ * * Basic/ research .on hydrologic balance . * ^ ♦ 

' ' Planning ' ^ , • • " * . 

■ Operation^, J * ^- ' "Jj^ • • . ^ ' 

Emphasis has befen placed on user, applications which t*ie Panel believes 
will arise within'l^e. nSict d^cade^ Prima^fy users are seen as federal, state, 

■ * and local govennaental .agencies, and fijnns and iiiHividuals in the jirivate sector, 
Ld§s attention given to the. needs of ^diMdiial researdi' scientists or 
engineers in universities^ 02{, in government agehciis, although ^atts of the pro- 
gram ma/ be highly beneficial -to th^. No attempt has been.- made -to treat ''spin-, 
off" plications Of Space technology although aaiiy are used, particuiarly in 

^ new sensors. It is believed" that a,4arge body'^of sj^ce reia|:ed ,tejj^olo^ exists 
whirfi- could-profitably be applied to problaas related inland water res^irces 
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. but which^ for Varxpus reasons, has had little application .to date. The Panel 
, believes this calls**for placing a high priority on f)racticable applications 
of 'sjpace technology. • . • * • " ■ . • 

^ • ' ' . \ • " ^ " *SCePE OF THE TEkM "INLAND WATERS" 

The Panel applies the teim "inland wa,^ers" to those waters bounded by land 
^ within "Qie various states and poss^essioQ^'of th^ United States. In addition, 
the Panel incliides coastaT Viat^e^s^. as is customary, ^because of theiy inseparable 
intjerrel^tionships with riveTrine systens^ Also, indUided are .the, Great Lakes 
,and contiguous waters » It should be recognized that much of the content of the 
present' report also applies geijerally to similla?, inland waters throughout the 
world. \ ^ * 
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PROGRESS SINCE 1967-68 STUDY 



Buring the. summers of 1967 and 1968 technical panels were convened at Woods 
Hole, Massachusetts, to assess future usefiil and practical applications of earth- 
oriented sa^tellites. From these effortB-'a series orf reports were ^published 
which treated the potential rble of satellites in various disciplines. Hydrology 
v%^,one of the disciplines,* . . ' ' ' 

In the perspettive of 1974, a little over one-half decade since the comple- 
tion of the *1967-68 study, the appropriaten^s and insight provided by the ?anel 
on Hydrology is^ noteworthy. This is particularly true when, the work is consider- 
ed* in liyit of economic, pplitical, tedinological, and other changes that have 
occurred, Ma^or findings and recommendation? of the 1967-68 Panel, on Hydrolog/ 
are reviewed briefly in order ta assess the progress ihade between then and now 
in applying space technology to a better understanding and managenfent of water 
resources. In general, one can see that these findings and' recommendations haye^ 
provided an excellent stimulus to aftd framework fox program development, 
, It could very easily be concltided that these findings are even more valid 
in 1974 than they were in. 1967-68, The successful progress that has been made 
supports these findings in every case and suggests that the implied -and explicit 
goals set forth in the 1967-68 study should^be pursued even more vigorously. 



(I 



1967-68 FINDINGS AND RECOJWENDATIONS 



The Panel on Jfydrology summarized its findings as follows: 

, . "1, "The application of space technology to hydrologic problems 
promises significant benefits in scientific understanding of hydrologic 
systems and in planrifng and management of water-resources projects, • 

"2. Four hydrologic objectives amenable to current space technol- 
ogy and promising substantial imme.diate and long-term benefits have • 
been identified: basic studies of hydrologic cycle and large-scale 



♦National Acadeny of Sciences. Useful Applications of Earth-OHented Satellites^ 
Report of,.i^e Fanel on Bydrolo^ (Panel 3). Washington, D.C./1969," 
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hydrologic systems; snow and ice mapping; surveys' of coastal hydrologic 
featirres and large inland lakes; and real-time cpnnnunications b^ground- 
ba^ed hydrologip datal ' * . 



'3. The proposed hydrologic-satellite program consists of a com- , 
nmnications satellite (HCS), a sensing satellite now considered feasible 
(HSS-1), and a sensing satellite embracing greater capabilities aftrer 
■further rese^ch and development* To achieve maximum ne^t Ijenefit?, 
these proposfed satellite progr^ps may be iategpated .with othei^ proposed 
e^th-resoufces satellite piv^gj^ams. 



'14. Solicf economic evaluation of these applications is not pos- 
sible at this rime. 

" ". .* » . • 

••5. .In' spite "bf this lack of economic evaluation,, the prospects / 
of success warrant, a substantial satellite program in hydrology. 

•'6.^ . Extended r6search and development ar^ necessaiy to develop 
much-needed spacebome sensor capabilities 'such as: snow depth and 
its water content, and ice thicloiess; precipitation r^te at the ground' . 
surface; identification of chemical and biological character of water 
and pollutants; streamflow velocities and discharge; groundwater 
elevition and discharge; and vertical and horizontal movement of 
atmospheric' wat^er vapor » * ' " ' \ 

^V. Major ben'efits to hydrology expected from interdisciplinary 
prpgrams of space technology include: improved weather forecasts; 
JLii5)l:oved land-use mapping and classification; improved topograjfliic and 
geologic mapping; precipitation reporting on a real-time basis; and 
areal estimates* of soil temperature. 

*"8. Space ^technology applied to hydrology should.be evaluated 
and eJ5)loited in the interest of the users, faking into consideration 
thie following: the transfeqr of data from ^ound stations pr sensots 
finally to the users; the»iii5)act of economic, social, and "^Mtical 
factors on water-resources develgpment and the*needs for hydrologic 
data; and the administrative structures to coordinate and integrate 
all space programs regarding applications in hydrology. 

"9, No particular hardware canJ}e recommended "ty' this Panel at. 

this time pending studies of alternates, , including the sharing of 

space and communications hardware." ' , 

» . • * • 

« 

The Panel on Hydrology made the following recommendations: *^ * 

^* NASA with other appropriate agencies should ^' continue the 
steps needed for' developing a cap^illty for acquiring data in an 
opearational hydrologic-satellite program in or before 1975. ' 
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"b. Appropriate agencies should institute long-range, compre- 
hensive research prograins to upgrade, hydrologic theories and method- 
ologies to exploit^new capabilities of space technology. \ 

* - « » 

"c. Prompt dissemination should be made ^ available space 
photdgraphs and imagery to the hydrologic conAunity."* ' 



UPDATING FINDINGS 



to hvHrn? • ^^^^^ ^^^^ detail the advances made in ^plying space technology 
^le^^S^Sw resources monitoring and managSeni objectives are avfil- 

. abl.e and show that noteworthy progress has been made sir^ 1968. Some of the ' 
Q9 sr i^?^' Molloy and SalomoSon (1973), ^reden et al. 

Sq! R^?^ '^^^^^^^ (1974)rSalomonson (1974), and Rango it 'al (1974) 

nS) JoL°S2''' In .addition, tHe Natioi^l AcadSy of S^inieF^ 

(NAS) Committee on. Remote Sensing Programs for Earth Resource Surveys fCORSPERSl 

^vd^ln T'*^'' conclusions on the sta?S of S^X^ sSg^n 

hydrology for review by the Pgpel on Inland Water Resources. - " ^ 

terhniJn^r^ ^^^"^ to ioidicate that probably the most significant spacecraft ' " 
technology advance made m the 1968^74 period was .the launching of the fiSt » 
Earth Resources Technology Safe-Wite (ERTS-1) on July 23, 1972! ThS saJellite ■ 
oTtM m). muUispectral^O.S to Z j^T 

•wl?h a niS is2l ' ^' ^-1^° '-'^^ observations over thr;arth " 
•with a nominal 18-day periodicity. Observations over areas of 186 km by 186 km 
were produced m photographs and computer-coi^atible tapes. ' TT^e pho^o^^^S^Sd 

Inf^or^o'^hoT r^^^'^^ijS ^-'y^-^ aStoximatel? 300 S^eSigSjS'LSud- 
ang some 40 who deal pj^marily with watei^ resources. The ERTS-1 was the culmina- 
tion of several years of -sensor development and data analysis effort that wa? 
AnoSl??!'."" ^SA earth-resources Srcraft p^am, the M^r^fce^illna 

i.- n' ^^'^"^^^ and operational- meteorological ^rogram^ by 

Sog^S^^iJe^'^SrK""' A^5^Ph^^i<= Administration (NOAAJ and NASA, Sd other . 
programs taide.rtaken by personnel in universities, private^ -industry aaid feder^ 

S tSSjAr5^Vi?^f f-l^'?^P^^""^ ^^^^ P^°^^ded by recent launches 

^L^-on T '^^^^^^l^ J-^^.^i^ Very High Resolution Radiometer (VHRR>, the com- 
KSa^e (E^P^"^"". fy, i" ^he Skylab Earth Resources "Experiflent ■ 

Package (EREP), and the flight on NIMBUS-S of several improved sensors including 
nUS-p'SS' Scanned ^^icrowave Spec^Sme\er (S) a^S 

NIM6US-E Mi^owave g)ectrometer (NEMS) . Economic 'studies completed since 1968 
(see, for example, Dynatrend, 1§73; ECON, Inc., 1974) fully support finding 
.number 5 of the 1967.68 Panel on Hydrology. support tmding 



7. 



•S^'^K ^f^^ Bydrology, J1969) . pp. 1-2. 

tKi^> has since been renamed LANDSAT. 



• ■ • 

Monitoring ax^d Mapping Surface Water Bodies . * 

The 0.8 to 1.1 /nn spectral band irtcluded in the Multispectral Scanner 
Subsystem (MSS) on ERTS-l has been shown to be quite effective in locating and 
mapping surface water bodies only a few hectares in'area. A program is now in* 
progress, sponsored by the U.S. Army Corps of Engineers, which utilizes- this 
capability for mapping water impoundments (McKim et al., 1972). Other investiga- 
tors have documented this capabil^t;^ Kith relationship td wetlands monitoring, 
playa lakes studies, etc. (See, 'for example, Freden et al.^ 1973.) 

• * • 

Monitoring Snow and Ice 

*Early *in the 1968-74 period it w4s shown that the regiotial extent o'f snow 
and ice can be repetitively observed' (Bames and Bowley, 1970). The •ERTS-l and,, 
the NOAA-2 VHRR .observati9ns havj improved upOn tMs capability (Rango et al., 
i974). Elft'Sri. observationsp-have been shown tfo "be capable of monitoring the ; 
areal extent of snow and to agree to +^ 60 m with, surveys and estimations of snow- 
line elevations made from operational aircraft. These observations can serve to 
calibrate. the more frequent 1 -km NOAA-2 VHRR observations. ERXS-l oBservations . 
are quite useful for observing glaciers, including purging glaciers, and ^ttend- 
9nt features such as snowlines and medial and terminal moraihes. Several detailed 
observations of ice cover on the Great Lakts have been obtained from ERTS-l and 
froiir^^OAA-2 VHRR. Analyses of mixrrov^ve data also indicate that there is sub- 
\?tantial promise in. this spectral region fop obtaining quantitative^ observations 
of snowpack parameters ' (Meier and Edgerton, 1971). Furtherrfore, results from^ 
the NIMBUS-5 ESMR'as ajJplied to the monitoring of sea ice, along with airhole 
microwave. observations ; indicatethat this spectral region has very ^substantial, 
utility. for monitoring ice cover. Low-altitude surveys of water equivalent in 
snow have also been successful using an ability to measure background gamma 
radiation emission (Peck et al., 1971; Jones et al,,"1974)^ * " / 

Mapping Flooded Areas * ' \ 

One. of the most'*interesting capabilities of the" ERTS-l MSS is its ab^.lity 
to observe the extent of flooded afeas as much as l.to 2 weeks after the actual 
occurrence of the flood. Flood inundated areas* can be napped on scales of ^ 
1:25.0,000 and smaller and positive .remits have been reported at the 1:100,000 
scale. (See reports by ^Rango and Salomonson, 197*3, and Deutsch et. al«, 1973, 
as well as others already cited concerning ERTS-l.). 

Detecting and -Surveying Turbidity and Pollution ^ 

Several in tfiguing observations of turbidity variation in reservoirs, 
coastal regions, and at thfe mouths of rivers have been reported. These have 
been, related to pollution plumes, algal activity, and waste dumping. The 
dynamics of circulation have been inferred in various water bodies including , • 
Utah LaKe,.t}\e Great Lakes, and the Chesapeake Bay, for -exarrple, and in the 
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interaction of rivers emptying into large water bodies. Sofiie empirically estab- 
lished estimates of sediment load can be derived fbr near-surface layers of - 
reservoirs and lakes (Freden et al., 1973). The 18-day repeat cycle has limited 
the operational applicability of these data, but some considerable pcrtential 
seems indicated lii improved systems iHth greater observational -frequency. 



Determining Soil ^toist^re 

^ The^most significant' advances in the determination of soil moisture have 
been associated with the utilization of the microwave portion of the spectrum 
' tod the monitoring of -background gamma radiation. Airborne microwave radiation 

measurements to depths of 21 cm show that soil moisture and brightness temper- 
■ m\ f^i.^ -^^^^^'^ surfaces (Schmugge. et al., 

iy/4; uiaby, 1974). ^Positive results using background gamma 'radiation for soil 
.moisture determinations are reported by Wiesnet and Peck. 1974. 



Monitoring Watershed Land Cover ' 

•riie multispec-trai character of ERTS-l observations has provided an ability 
to monitor the extent of various ground-tfover types, s'uch as the amount of bare 
soil, vegetation, open Water, and impervious, area, on scales of 1:250,000 and 
smafUer. TTiis capability permits the timely updating of maps on these scales 
so as to reflect hydrologically significant changes that may have- occurred since 
the issuance of the map itself. In many cases a'capability^to provide informa- 
tion comsensurate with larger scales such as 1:24;000 is desirab'le and thi« 
would come Vith higher instrument spatial resolution. ' ■ »- 



Locating Groundwater Supplies 



«»-:^^ I I • ^.^^ provided enough spectral and. spatial resolution to be 
quite useful in deimeatiiig gealogicai features including, for example; uhipapped 
lineaments and major trends in karst terrain.- TTiese features offe7guidance^ 
clues that can fa.cilitate drilling for groundwater. " , ' 



Monitoring ParanSter^ by Use of Data Relay 

f 

Parameters such as river stage or discharge and various water .quality para- 
meters are difficult to observe via remote sensing. The ability of the ERTS^I 
data collection system (DCS) to collect data on parameters -suclT as these over 
large and remote regions has been conclusively demons trated. Over 10*0 £RTS-1 
^ta tojlection platfo^ (DCP) are now in operation in areas stretching from 
iSa?? . 1!^!^ and.froa rtorth^k Canada to Central America (Cooper and Ryan, 
1974). TTiis kind of capability will be continued on polar-orbiting spacecraft 

,f .'"Ir^S? """^^ °^ Geostationary Operational EnvirLental 
:>ateiiite (GOES) series, 

'.I 
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Observing Hydrometeoro logical Paraineters _ # . ^ \ 

The NOAA VHRR and the Applications Technology Satellites,, ATS^l and ATS-3, . 
have shown that cloud-top ten^eratures and cloud features can be observed from 
space and are useful in forecasting- severe storms. These observations are sub- 
sequently important in terms of providing input relative to dangepous or anoma- 
lous river runoff. , The SMS-l^ahd ATS-6 spacecraft, which were, launched recently*, 
provide atmospheric 'Vindow*' observations in the 10 to 12 /nn spectral region anji 
thus produce significantly improve^ capabilities from geostationary altitude. , 

Relative humidity in the lower troposphere can be estimated with errors less " 
than 30 percent (Smith and Howell, 1971). ^ • . 

Precipi table water above 1000 millibars can be estimated to within 20 per- 
cent using "the NIMBUS-4 Satellite Infrared Spectrometer (SIRS-B) in a cloud-free 
atmosphere. Early results from the NIMBUS-5 ESMR indicate that precipitable 
water can be esti-mated to within 10 percent and the liquid u^ter content of clouds* 
to within 25 percent (private conjmuni cation from NASA). 

An excellent review of methods Used for rainfall estimation fi^m satellites 
^.Is given by Martin and Scherer,- 1973. Over oceans^ the recent results from the 
NIMBUS-5 ESMR indicate that the areal extent of rainfall can be delineated well 
and 't*he* rainfall ra.te directly estimated to withi-n a factor of 2. No results 
demonstrating direct measurement from^ spacecraft of' precipitation over land 
. appear to be available and' this remains a' goal for the future.. - 



UPDATING RECONMENDATI^NS 



V 



• Examinatioji of the 1967-68 recommendations' listed earlier iijdicates ^hat 
some progress of substance has been made, but considerable, wotk ^remains in order 
to^achieve the goals indicated in those recommendations.* - 

Recommendation 3 has been partially toet i^ that the Department of the 
Interior CUSDIj Earth Resources Observatioa System (EROS) Data Center has been 
established in Sioux Falls, South Dakota. This Center serves as a source from' 
which anyone can obtain image data such as from ERTS-1 and the NASA Earth 
Resources ^Aircraft Program^ .Delivery of theSe d^a, however, is still not rapid 
enough for operational applicatioq, to iijjand* wate^* resources. The'deliyery 
process needs to be substantially improved* * 

With reference to Recommendation "2, some 40 hydrologic investigators have 
been funded in association with tMe €RTS-1 program/ and several significant §nd 
productive programs exploring the utility of remotely s.ensed data for monitoring 
hydrologic par^eterS exist in federal agencijes other than NASA. These include 
NOAA, the USDI, th? U.S. Army Qorps of Engineers (USCE) and the Environmental 
Protection Agency (EPA). Howeverj these efforts' generally have ftot beenjLmple- 
aented in such a way as to improve theories an4 understanding of the hydrologic 
• cycle on various time .and distance scales. 

Recommendation 1 involving the establishment of an operational hydrologic 
satellite program by 1975 will not be met. As already indicated, some progress 
has been made, such as with ERTS-1, but the time when an operational earth " 
resources satellite program will be established is unclear. One important 
element of an operational hydrologic' system, a data collection system, is being 
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inplemented in conjunction with the NOAA-GOES program. There is substantial- 
merest m obtaining this capability on an operational polar-orbiting satellite. 
This goal, 4iowever, remains' to'be accomplished. 
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DATA Deeded- FOR management of 

INLAND WATER ■ REs6UR(;ES 



» • * ' 

Most current needs for data on inland water resources can be met using 
existing -technology. Measurements are obtained from poirtt-s amp ling rbcations, - 
field surveys, aerial photographs, etc. • Cvi^frent data collection methods, however 

^ often are expensive, and are labor-intensive/ and thus 'data collection programs 
are limited by budget^ constraints. In addition, current data collection 
technology does n6t readily facilitate synoptic studies of watfjr resources nor 
does it allow an overview so that indiv^dijial -sampling points may be optimal IV- ' 
•selected. The use of earth satellites may alleviate some of these limitations^ . 
As direct sensing from space becomes more readily available and as spacet^aif t\ - 
. are used more extensively for data relays, tthe Panel anticipates that needeS ' 
hydrologic dat^ill be. supplied more systematically. Spface technology will-be 
used when it p^Vides better or c]?^^er data than conventional means of data' 
collection • ' ^ 

Tables I and II show the more common water balance and environmental para^ 
meters^ for vtfiich data are fieeded in the managanent of inland water resdufcfes and 
fox which ^space technology may be used to acquire the data. Measu^ent capabil- 
ities. th^t are required for obtainini*acceptable data pn tfhese parameters and ' 
the needed range antici]pated for e^ach type of measurement are included. • a * 
Numerical values are given for geographic ^cale> sjfetifl. resplution, accuracy, ' 
^peed of data delivery, frequency of coverage, and'relative benefit. Relative 
benefit is based ofi the priority the paramet?er should" receive according t^o its ' 
importance in management and is rat^d H (high),, M (medium), oj: L (low). * ^^he 

^ list of parameters is far from complete but should Sumish insight into possible' 
applications of space t?echnology. . The parameters included and the range of * 
values presented are as conj^rfihensive and accurate as the Panel could, maX^ tiiem* 

^^within the viorkpig time available. The Panel beli'eves that Tables I and* 11 : • 
^may be used a3^^*6rking documents ewn while they are subject to refinement and 
extension. Individual values enconpass and are -expressed in the range that Is / 
•required to take care of specific intended uses^ For exaii5>le, the measurement % 
of background smiface ten5)erature of. natural watpt bodies dften requires differ- ' 
ent resolution, accuracy, "and pos&ibly other variances from those required in 
the measurement of thermSil jfastewater dischai^ge. Therefore, no one set of* 
requij^ments for measurement of water surface temperature can be specified 'ta^, 
suffi"^ for all possible <iises. For nearly -all of the parameters presented in' 

^Tables J and II, exact jaeasurement requirements depend uponithe specific intend- 
ed use of the data. ^ ^ , r . ^ , 

22 



It should be understood that the requirei^ents .e^iprgssed.in Tables I and II * ^ 
are based solely on needs related to inland water resources and are riot influ- 
enced by present or. prospective capabilities of remote or in situ sensors.. Thus, 
these requirements in effect represent recommended go^ls for sensor development. 

From the information in Tabl'6s I and II, one may compile some geijeral 
requirkients fox 'data, as foljows: * * - . \ 



Geographic scale 

• • • • ♦ " 

Range from local to global 
For most uses, local to regional 
- . -> • 
^ Spatial resolution 

1* Surface 
'.^ ' Range, from 1 m to 10 km 

Wode^roft 10 m to 50 m 

1. 'Depth *. 

Range 'from 0.3 m to 100 m 



Frequency of coverage \ ^ \ 

• ' * 

Varies greatly ^ . , 

' Hourly in some cases ' ' . ^ ' 

Daily to weekly %xi many .cases- ' , * t*. • ,^ 

Annually or longer in, some cases ' • » • 

Speed of data delivery . . * ' 

/ , • • 

Varies greatly . • . • " 

Real-time delivery 'optimal for certain \fsk>s • ,\ 
- From houi^ to 2 to 7 days in many catses*^ 
From 1 to 2' months for feiany areal measurements and mapping purposes- 
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POTENTIAL BENEFITS 
.FROM BETTER MANAGEMENT OF INLAND WATER RESOURCES - * 



^ ANALYSIS OF CONCEPTS 



^ The Panel has concluded that estimation of nationwide tangible benefits 

operational applications of space technology- in the field of inland water 
resources is wholly iinpracticable in view of the limited time ^d the limited^ ' 
inS^So? ^''^^^V^ 5° Panel during the study. The Panel recognizes that ' ' 

benefits' shouid be used in evaluating space applications. 
Comprehensive estimates of benefits and costs for the several demonstration 
projects suggested (see "Proposed Demonstration Projects") are also considered 
to be iii5)racticable for the same reasons. Partial estimates of costs and benefits • 
have been made to the extent possible for the projects which, seem' to have great- 
est potential for, applications of space technology. / ' ■ 

Benefits from the use of space systeas to acquire data will result ^Js^m: 
(1) reductions m the cost of data acquisition, •(2> improvements in the data" ' 
acquired, and (3) reductions in management costs. Benefit estimates are made 
on a "with space-acquired data and without" type of analysis. In some cases, • • 
intangible secondary benefits ar6 realized. Potential benefits from acquisition 
of new types X)f information which can be obtained onjly with' the use' of space 
systems appear in some cases to be very substantial. In' cases where additional 
costs are required to adapt. to new uses or to modified techniques fox the han- f * 

^ ^Lf^"" agencies.,, the potential benefits cited are the net of these 
costs and benefits. . * . 

' Hie Panel is aware that there is a need to exaipine the relative benefits 
and costs between use of satellites and use of aircraft. WKUe recognizing 
the general advantages and disadvant;ages of each method, tflie Panel has not 
attempted to decide which technique should be used. The use of satellites is . 
usually advantageous- in applications where data are required over large areas or 
where repetitive acquisition of data' is needed. • 

n°" aemonstration pTojqcts,' the* Panel has afteifipted to work closely with 
the Panel on Costs and Benefits. Identification of benefits is complicated by 
the fapt' that precise costs are not available on present data-gathering activities 
and by the fact that remote sensing frequently provides useful information which 
previously had not been acquired because of prohibitive costs or difficulties 
of acquisition. o 

TTie Panel has not attempted to evaluate existing economic analyses of space • 
applications. Its analyses of the proposed demonstration projects are prelimi- 
nary and the Panel considers that careful ecopomic analysis should be made Si , 
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depth and .at an early date for each of the demonstration projects. These analy- 
ses should project savings which can be realized from extending the applications 
throughout the United .States, ^ ■ 

Another complicating factor in attempting to ^ apply -economic analysis is the 
need to. relate an information requirement to an end product rather than to a ^ ^ 

rigid definition of the data elemeints. , When i user describes information require- 
ments, ^here is a tendency to demand the same data elements that are currently 
used. Improvements th^n relate to increased -accuracy or resolution and/or 
decreased costs in acquiring these data elements. Since the iise of these data 
frequently h^s developed because of ythe structure, and limitations of present 
acquisition methods, remote sensing techniques frequently are not^competitlve. 
The accuracy required for point sampling may/ be higher than that necessary for 
synoptic sampling. -When information about an area is developed with use of con- 
ventional sampling techniqjj^p^ the accuracy and resolution must be high- because 
of the inherent degradation which results 'fr6ln interpolation between the sample 
points. S^nce remote sensing provides synoptic coverage, ho interpolation is 
required and therefore the accuracy and resolution required for sampling may be 
less. It may be that data sensed from space shouT?!^ be of an entirely cliff erent ^ ^ 
form or character, and that such alternative approaches should he examined. 

DEVELeP^ENTS NECESSARY FOR ACHIEVEMENT OF BENEFITS 

The potential benefits of using space technology in many facets of managing 
inland water resources have been recognized and affirmed by the Panel. To real- 
ize these potential benefits certain deficiencies must be overcome. TheSe 
deficiencies can be categorized as follows: (1) inadequate sensors, (2) inade- < 
quate data processing programs, (3) n^ed for improved mathematical models, and 
(4) the absence of fully effec^iye institutional arrangements. Throughout the . • 
ensuing discussion the trSisport of sensors into space, space packag:.ng systems,, 
and other aspects o£ space transport are not considered to be constraints on any 
Potential program. 

Sensors * * - • ' • . 

It is readily apparent that the primitive state of present^ensor technology 
is 0. primary constraint oh the application of space. technology to the management 
inland water resources. Many of the parameters included ia Tables I ^and II 
^not now be monitored from space^ and many cannot be sensed .autdmatically "from 
ground stations. The Panel therefore peaces an extremely high priority op sensor 
development and believes that a lack of adequate sensors probably^C^ll impede 
other developments for some time to come. ^i/* ^ 

The use of aircraft — * both high-r£lying, such as the and B-S7, and ^i^w 
level has prpvided remotely sensed water data that have relevance and#S:eli- 
ability. Hulti-lens cameras with high-resolution broad band films are aole to 
detect a c6tii)ination of water quality factors although more work needs to done 
to quccntify those parameters. . ' > X 

Data collection platforms (DCP) and lownlevel aircraft have'shown great 
capability for sensing many of the wanted parameters. These include measurements 
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of the water content of ice and snow, crop-canopy emittance and other parameters 
related to subsurface water, the dynamics of surface vfater flux, and^many of the 
water quality and environmental constituents* -Present samplings monitdring, and 
laboratTDxy techniques are^ available and, in most cases, standardized to obtain 
these measurements. In order to utilize space technology, accurate automated 
stations which can operate service free over long periods of time need to be 
developed* Their data output .can be relayed by, satellite o^ aircraft without 
the need for human intervention and thus coverage cambe provided for many loca- v 
tions, some of which may be remote and difficult to service. 

, There are two key aieas in which substantial 'breakthroughs are needed to 
4ev^lDp ground sensors compatible with the cap^ilities of satellite-borne data 
^•collection systems. First, present equipment is not rugged enough to survive 
- the severities of weather, vandalism, and environmental contamin«tion for periods 
of -6 months t;o 1 year. The improvement required is largely an ^engineering prob- 
lem and should be attainable. Secondly, present sensors either cannot duplicate 
the laboratory analysis required for detection of many parameters or they require 
in-place equipment which impedes navigation or other uses of inland waters. 

' For 'some of the basic water resources parameters, direct measurement from 
space may be 4fiipossible and it is doubtful that complete independence from ground 
stations will ever be desirable. Many parameters can be sensed directly, however, 
and others can be inferred. The Panel believes .that the development of airborne 
and spacebome sensors shows great promise and shoul^i be pursued 'vigorously. 
^ Areal coverage offered by direct space measurement is qiiite valuable and, where 
• technically fe^sible,^ prol)ably will prove more cost effective than ground 

stations. ^ ^ ... 

Finally, a plea is made for use of imagination in sensor developjnent. 
Tables I and II are based on well-defined descriptioifs which have developed 
and used by eftgineers and scientists for many years, but they are^not sacred. 
It 'is essential that. sensor technology be sensitive to user needs, but it is 
also important that new capabilities inherent in space-based sy^ems not -be. 
forced us^essly ijito old patterns. Since developers of sensors and water 
resources experts usually are not expert in each otJjer's field, a continuing 
dialogue between the two is required. The result can be beneficial to both and\ 
.may produce new approaches in the management of ii>;iand water resources^ 

Data-Handling Systems ' * 

The Panel believes that data handling 'is a major unsolved problem in the 
practical use of space data by the water resources communit)^ The satellite 
-with its subsystems is an effective means of dat^ collection whereas the means 
for data reduction, propessing, diss^inaiion, and feedback fitom users, are 
neither ade/juate nor effective. L * 

Data-handling sy§J:ems have traditionally fallen short, df th^ expectations^ 
of" users concerned with inland water resources. Operational systems now exist 
within EPA, NOAA, U.S. Bureau of Reclamation (USER), U.S. Geological Survey 
(USGS), and several states,, but none i^^tirely suitable for space-relayed data. - 
The USDI facility at Sioux Falls was ^feated specifically for this purpose and, « 
if developed properly, may become the Vest vehicle fo? disserfination of $pace . 
data. • . i 
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User feedback, from federal,^ state; and lo^ agencies and from the private 
sector, is absolutely essential both in the design and opera^tion of an acc^table 
information systeA^ Thte lack of user 'feedback h^s "contributed greatly to the 
shortcomings of existing systems. The user must haVe effeptive access" to the 
system, that is, he must be 2^ble to get the data he. wants in a t-imely.and 
efficient manner^ , • . 

Timeliness is an in5)ortant element in data on inlajid water resources. .Many 
uses are concerned with hazardous events such as flooding or ice jams.^ Emphasis 
in these cases is on'rapid perception of what i's happ.ening so that warnings can 
be issued and corrective measures taken. .This^ requirement is akin to a real-- 
time response. For certain pollution problems, such instant reputing j.s not 
nefeded but a response time of a few hours^will be beneficial. Frequency and 
area of coverage, as well as resolution, -relate directly to the data-prodes6ing ' 
system. In many cases, data that are not efficiently handled bewilder tf^e user J 
and discourage practical application^ Many problems require frequent coverage,, 
and some users will be served best by continuous monitoring from ground stations 
or from a geosynchronous satellite. Also there should be added a capability for 
selectivity, either afe'the time of' collection (through pointable sensors) or 
during the processing cycle. 

Many levels of sophistication are found among potential users.' Some want 
raw data or data which have been on^ly tadiometrically or geometrically corrected. 
Others desire fully interpreted or an^^lyzed data. Data systems which evolve for 
use in. the management of inland water resources shpuld reflect these varying user 
needs. Graphic displays, photographic imagei^, and digital-data forms all are 
of interest. 



Mathematical -Models C - 

^Much of the work in the field of inland water resources Jias been descriptive 
in nature, and space technplogy is viewed by many as an extension of the desctip- 
tive process. . However, a mature progr^ of , space technology must be adaptable 
to predictive as well as t^ descriptive techniques. , In order for this to be 
done, the data obtained from space technology must be applicable to mathematical 
modeling of systans of inland water resouries. . ^ 

^e usage for modeling can take sibveral forms.. At the. first level, the 
capability for synoptic coverage of large geographic areas at -frequent intervals 
provides input to models much like the present ones, but these must be mdxe 
dependable,^ and mor^ accurate to be widely accepted and used by* professionals in 
thfe , field of inland water resources., .The use of real-time modeling for water 
management is currently arousing wide interest and data from the space program 
can help to make it a reality. *, ' " ' 

Space systems can prdvide not only data similar to. those which can currently 
be collected but also thQs^ that are not currently available, for example, 
reflectivity measurements at various v^avelengths that can be categorized by vary- 
ing intensities, this can and should lead to totally new concepts' in water 
resources models. As the parameters obtained from space systems are confirmed 
in relation to the behavior of water resource systems, considerable reliance 
will be placed^n the new parameters. It is believed that such an approach 
is warranted for numerous models> including but not limited to the foll6wing: • 



Estuaries and tidal jjivprs*. ' • ' ' " 

River basins., including ^trecimflow and groupdwater and their 

interrelationships ; , - ' 

Lakes and -reservoirs 
The Gr^at Lakips- ^ ^ ' 

Urban runoff • \' . . . ' ' 

Show depletion and snowmelt"! . • ' ' 



Institutional Arrqngempnts ' ' . 

ot hardware and data processing. It. is also essential to .hay* the proper -flata 
.t^tr^'^ii J '"^^■^ th/^demands and requirements of Specif i 

cSes%«v br. nLnh°M 'M%'^^' " particularly important since the data in many' 
ntKic P^^"^^^^^ ' -^o^ some users but need- to be c^pssified and, stored 
: ^" ^° acceptable- links between data acquisition and 

•ilT™men?s^'"^ ^^"^^'^^ consideration must be gLen to institu-. 

.vc..m^%^^"^^ Poncludes that, to develop operational' pVograms utilizing spdce" 
systems for water resourjfes management; some federal agency or agencies must ' ' 
do !o T^'l' ""liJ^ely that thi stJte. wfll be abTe to 

do so. The .Panel alsTa stresses the importance , of integrati-ng inputs and reauire- 
^.ents, not oftly fix)n, federal, and state} agencies , but. also from loca^ aWSs ' " 
universities, private individuals, and cdrpofitions The Panel notes that • 
acceptable institutional arrangements -nusl; jfake into account the. iSl res pons i- 
balities of federal agencies for, certain functions. The Panel beliSes tha? 
nuM!',v°3, ' ^'^"'^^ responsibilities must be continuously exercised and • 
bee,f fiList^to .h!'r ?oncerninff institutional arrangements have 

Deeu turnished to thefanel on Institutional Arrangements. • 



i^OSSTBLE APRLI CATIONS OF SPACE TECHNOLOGY 
TO f^^NAGEME-NT OF INLAND WATER" RESOURCES 



INVE^^TORY 



f 

Manage^neRj: of inland water resources begins ^ith inventories or assessments . 
ot the resources. There is a continuing need for inventories of the quantity 
and quality of the water resources, of the U.S., of aU the states^ of regions of " 
interest to other levels of government, and of-specific hydrologic basins. 
Hydrologic, water quality, and water use data, all time-related and fixed, are 
collected throughout the nation by many agencies and at many levels of detail. 
Data are. needed, for exangi^, ^ the understanding of 'river mechanics and shore 
processes. Requirecjfeiy^s Tor .inventories also stem from legal considerations 
embodied in laws, trerffies, contacts, water rights, and lawsuits. Most of the ' 
basic parameters that, are needed for invento^ are included in Tables I and II. 

■me degree of detail needed varies over a wide range. Where general recon-' 
naissance studies are being made, general characteristics may be satisfactory. 
. On the other hand,, if a detailed program in water quality monitoring is being ^ 
carried out. It will be necessary for a remote sensing systan to have the accuracy 
of .detail and measurement provided by in situ sampling and lAoratory analysis. 
Too much detail where not needed can be joist as detrimental as insufficient 
accuracy for more precise pTtjgrams. . ^ ■ 

• The Water Resources Planning Act of 1965 Stipulates that a national -inven- • 
tory be made biannually. To date only one inventory has been made -and it'wds " 
^ess -than satis factojy becaizse basic data were lacking on both the supply and ' 
the use of water and because, at that time, theife was an almost complete lack of 
data on the quality of the nation's water. Currently another national inventory 
IS undeivay at an appropriated cost of $605 million. The total cost will prob- 
ably be double th;LS amount. Other inventories for specific purposes are fre- 
quently being undertaken on a national scale. For example, the /ecent National 
Estuaries Shoreline and Styeambanl; Erosion, Native Ocean Survey, National Lakes 
and hetlands inventories are a few that come to mind. 'Space technology might 
have had significant and favorable impact on most of these studies if the neces- 
sary R5D on space systems had been completed and if thd studies had been designed " 
to use space technology. Since these studies, except for the lakes and possibly 
the ocean surveys, are'\complete pr are too advanced to benefit from space < 
technology, the, Panel h^W attempted the sterile exercise of estimating benefits 
for tjese activities. It canSbe expected, howev^, that future inventories 

u ,5 u '^"^^'^ ^^^^ aOTrdpriate space svS^Sms should be available and 
Should be used.* ^ ^ 
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• In the past 10 years the U^S, h*as expended in excess of $150 million on 
framework studies to inventory in more detail the conditions, problems^^d needs 
of its inland waters. State agencies have speftt about $30 million for sihilar 
purposes. The expenditure for collection and evaluation of basic data on inland 
water resources in one state (California) is a|q)roximat;ely $26 million annually.. 
This' expenditure is broken down by sources of fui\ds as follows: federal, 
$5*3 million; state, $5 million; local, $14 million; private sector, $1.7 million. 
Further details on the expenditures for water resources data in Califomia are 
shojm in Table III. ^ 



T X 

Expenditure in Millions of Dollars 



Type of Data 


Gollection 


Evaluation 


Total 


Siirface water quantity 


4.12 


0.83 


4.95 


Groundwatfer measure 


1.57 


0.31 


1.88 


Flood forecasting ^ 


3.12 


• 0.63 


3.75 


Climate and snow* 


1.21 


* 

0.24 


1.45 


Surface w^ter quality 


5.38** 


1.07 


6.45 


Groundwater quality 


3.54** 


• 0.71 


4.25 


Sediment 


1.09 


0.21 
0.33 


1.30 


Land use survey 


1.67 


2.00 


TOTAL ■ / 


2}. 70 ' 


4.33 


• 26.03 



*IficJudjes precipitation, temperature, and snow surveys. 
**Includes laboratory analysis. 



table' ill CURRENT EXPENDITURES FOR WAT^R RESOURCES DATA IN CALIF6R^^IA 
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BASIC RESEARCH ON HYDROLOGIC BALANCE . * • ^ 

The hydirologist inust forecast basin water balance, but deteirmination of the. 
coiiq)lete hydrol'ogic balance for a river basin is currently limited by. the state 
of the art. Understanding of the exchange between Subsurface and atmospheric 
regions can be enhanced by use of satellite-acquired data. Some features not 
now available may be determined with'such data. • ' . 

• ft 

PLANNING • . 

Planning for management of inland water resources must consider the full 
cycle of water occurrence, water use, and waste water disposal. The objectives 
are to meet, at minimum cost, public needs for 'the' "beneficial use of water and 
to protect life and« property from the d^aging effects of water. Water quality 
planning should not be separated, from water quantity planning since quality 
affects various beneficial use^. Management planning must provide for collect- 
ing the basic data needed (see Tables "^I and II) and preparing for decision and 
implementation. A successful management progi'am must instire adequate^ water 
simply, improve its quality, and develop facilities for the sanitary ^sposal 
of waste. • 

Most urban and industrial usjps require long-range planning, particularly 
where surface water developments may be necessary (for example^ agricultural 
irrigation uses over 85 percent of the water consumed in the southwestern tkS.). 
To plan these developnents, data are needed on the character, occurrence, and 
quality of potential surface water supplies. The planning process may be of 
a reconnaissance nature, exploring the feasibility of a basin-wide scdpe, or 
of a more specific project nature. This sRould be recognized and considered in 
applying space systems to provide the basic data, since the capabilities required 
for area, resolution, and accuracy vary with the level of planning. 

Groundwater is an iii5)ortant source of supply in many areas. Planning for 
management of this resource requires that its limits, charactery and potential 
for replenishment be known. Many >coastal groundwater basins are being intruded 
with salt water* Other gptoundwater basing are now being overdrawn, so that their 
future use is limited. Locating and assessing additional groundwater siq)plies 
are necessary, and space systems may be able to assist in making a general 
inventory. 

Protection of life and property from floods and wave damage entails the 
use of both structural and nonstructural methods. Flood runpf* is affected by 
meteorological and hydrological phenomena and watershed characteristics. .Poten- 
tial damage is a function of many .factors including the extent and type of 
development =in the flood plain* Long-term hydroiogical records are needed for 
effective planning fiiit real-time da^a are not "fiecessary at this stage of manage- 
ment. Plaraiing of shoreline structures such as groins, breakwaters, and jetties 
is a part of the protection function. Adequate mapping measurements of wave 
and tidal spectra are needed. 
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OPERATION 



Operation and control of water resource systems require data that space 
systems c^an provide, particuiarly throu^ xearl-time observations* Floods and 
other storm hazards need rapid assessment for, dissemination of wacmings. Real- 
time information on rate of pjecipitation, ^now cover, including water content 
and rate of melt, and soil moisture are essential to operate flodd-control sys- 
tems and to provide hazard warnings. , - 

Reservoir operations require forecasts of storms and. seasonal runoff to 
control water storage space (for flood control), for generation of hydroelectric 
power, ard for conservation of water supplies. Long-range (3 month), medium- 
range (1 week), and short-range (2 day) forecasts of runoff would aIL-Contribute_ 
to better reservoir operation. Meteorological and hydrological data are essen- 
tial since botl> disciplines must be applied interactively for effective operation 
of .reservoirs. * ^ . 

Real-time data are al^o needed in water pollution monitoring and control. 
'Knowledge of tlie water quality parameters shown in Tables I and II is esseptial 
to implement many programs related to water quality and pollution control. For 
broad-scale surveillance,, lower resolution and accuracy may be adequate. For 
precise monitoring, it is necessary that measurements be comparable to those 
now obtained" from laboratory analysis.. 



SPECIFIC EXAMPLES BY CATEGORIES 

9 

Appendix B lists a number of feasible uses of space systans which the Panel 
has^ not been able to examine in the limited time available. Included are . 
specific examples of activities in which remote- sensing techniques can be applied 
to problems related to inland water resources. These activities are grouped 
into categories that cover large areas of concern in the management of these 
resources. The Panel believes that with further thought the list can be greatly 
expanded. • . 
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PROPOSED DEMONSTRJ^TION PROJECTS 



ERIC 



The Panel on Inland Water Resources has stated its objectives in the intro- 
duction of this report. In discussing these objectives and how they may best 
be achieved, it was concluded that certain basic parameters, should be given ' 
priority for' sensing by space systems. These parameters are- essential to 
^equate performance of certain types of activities which are demonstrated in a 
sfenes of specific projects ox programs set forth* and -given high priority by the 
Panel. Selection is based on filling gaps in current knowledge and on opportuni- 
ties for demonstrating economic advantage. 

The Panel attempted to establish priorities for 16 demonstration projects. 
It soon became evident that adequate, information was not available at the Summer 
Study for an objective and rational priority ranking of these projects. In the 
^sais^ion It was brought out that many of these projects have econcsaic benefits 
which are difficiHt to define since they are scale sensitive. Questions of 
interagency responsibilities also(^arise, and it is difficult in some cases to 
establish the state of the art tin existing technology.. For tlRese reasons the 
projects, whose tasks are as follows, are not ranked in this report: 

Improved forecasting of runoff from mountain snowpacks 

Mapping areal extent and ^epth of ^bundwat«r - 

r 

^ Mapping areal extent and location of seepage froia reservoirs, 

canals, and levees 

Surveillance of river channel and beach migration 
Delineation and assessment "of shoreline processes 
Moping of water-related 3,and areas • ' 

Relating- urban development to changes in runoff 
^ Nationvdde inventory of tKennal conditions 
Detection and measurement of suspended solids 
Detection and measxirement of salinity 'in water and soil 
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Assessinent of lake eutrophication 
Assessment of tidal regimes in estuaries . 
Surveillance 6f ice condit4€ns 
• Assessment of flood damage' 

Survey of rooted and attached aquatic vegetation 
Detection and early warning of pollution violations. 

Some of these project^ are described in considerably more detail than others. 
J^henever possible, costs ^d econoaic benefits are estimated. The projects are 
derived from an examination of data problems considered to be of hi^ priority 
by federal, state, and private users. It appears that space systems would be 
highly beneficial in aceoii5)lishing the tasks but demonstrations in an operational 
mode are needed. Research and development arei required as a part of certain 
projects, since the neede4 technology is not available. Khen the projects aie 
•developed, consideration should be given to trade-offs among the detail desired 
by the user, the cost and the technolxrgy attainable. Data from remote sensing 
with less detail than normally preferred may be acceptable if other benefits to 
the user outweigh the loss in detail. 

The Panel believes that space systems may have heretofore ime;5)loited 
capabilities which could achieve large econcKnies in the management of inland 
water resources if the whole subject of space applications could be t'horou^fy 
investigated by technological and user teams working together. 



IMPROVED FORECASTING OF RUNOFF FROM MOUNTAIN SNOKPACKS 

A need exists to uie space-acquired and space-related data to ijspTOve thp 
monitoring, of winter snowpack accumulation and iaelt xate.. .Ojjeralion xy£ down*; - ^ 
sti^eaA reservoirs for hydroelectric power production, i3^gation, flood control, 
and water siq)ply can be optimized with a better knowledge of the total amount 
and the rate of water availability on a near real-time basis. Present space 
systems such as ERTS and NIMBUS 'should be utiliz^ to full advantage and new 
^spacecraft sensprte, sudi as active and passive microwave syst^is and theiBal 
scanner systems, should be developed to provide wide-area, repetitive, all- 
weajther observation and measurement of ice and'^Snow. 

All systems capabilities should be demonstrated and tested in a pilot study 
conducted on a major westeim river system, fdx example, the Rio'Gj^ande, San Juan, 
Gunnison, Upper Colorado,. or*Green River. Th^ pilot study should be a long-tena 
one, lasting 5 to 10 years to permit establishing the relationship between 
measured parameters and actual runoff conditions. The demonstration should lead 
to establishment of techniques for rapid (near real-time) data retrieval, inter- 
pretation, processing, and analysis in order to provide information of immediate 
utili^ to managers of inland water systems. 

Operation of water reservoirs in the western U.S» is based largely on 
estimates of the amount of water contained in the mountain snowpacks. Storage 
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space for the anticipated runoff nust be. adequate and should include an alloy^ance 
for error to prevent floods. If improved methods for monitoring snowpack accunai- 
lation and melt rate throughout the season can be coupled with knowledge of soil 
conditions, short-range weather forecasts, and climatic conditions during the 
melt cycle, a maximum amount of power production can be realized, irrigation 
interests will be better served by more available water, and all but thp most , 
severe flood situation will be eliminated. 

Hydroelectric power is a clean form of energy, already extensively developed 
in the westei^ U.S. Power is produced most efficiently when waters are at high 
levels in the reservoirs. If present runoff prediction methods are used, a ■ 
trade-off must be made between power, production (energy storage) and flood control, 
Estimates of expected runoff are based at present on a limited number of ground 
observations m remote area^. These estimates involve much uncertainty, which 
makes it impossible to use the water with maximum efficiency. There is clearly 
a need to reduce- this uncertainty and to apply more reliable information to the 
management of hydroelectric power systems. Two additional parameters of value in 
runoff forecasting, snofe evaporation losses and ground storage, should be measured. 
Under cgrt^n conditions these>re. believed to represent a significant amount of 
the total available water. 

The U.S. Bureau of Reclamation and the U.S. Army Corps of Engineers presently 
produce hydroelectric power with an annual value estimated at $164 million. 
These tvfo federal agencies produce about 25 percent of the total hydroelectric 
power in the U.S. With improved runoff forecasts that would permit reservoir « 
operation at maximum head, a 15 percent increase in revenue could be realized an 
annual benefit of nearly $25 million. ' Improved techniques should be applied to 
state |nd privately owned utilities, which also use the present uncertain runoff 
forecasts, so that potential benefits can be further and significantly increased. 

A project in which cloud-seeding techniques are used to augment the snowpack 
(presently being tested by theUSBR in the San Juan Mountains of Colorado) can 
•be better managed with reliable runoff predictions. The data can be used to 
avoid cloud seeding in areas where snow accumulations are above normal usable 
amounts or otherwise excessive, tffrerational use of weather modification is con- 
ceivable for .the Upper Colorado River system in the near future. 

MAPPING AREAL EXTENT .AND DEPTH OF GROUNDWATER ■ 

A definite need exists for the development of sensor capability to measure ' 
from aircraft or space platforms the depth below the earth's, surface of ground- 
water. Such a Sensor should have a spatial resolution of approximately 4000 m2 
and a vertical resolution equal to approximately IS percent of the total ground , 
penetration. These sensors should be able to measure directly the depth of ' " 
groundwater regardless of surface conditions. The Panel recognizes that develop- 
ment of the required sensors may be extremely difficult, but considers that the 
importance of finding and managing groundwater justifies the required research 
and development. 

In 'the initial investigation, of kn area to be developed as an irrigation 
project, depth to water barrier, groundwater depth, and soil permeability are 
some of the parameters that must be determined to e vallate the drainage character- 
istics of the area. Irrigated lands having inadequate natural and/or manmade 
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groundwater drainage can become unusable for agriculture. The developilient of 
drainagis problems on irrigated lands has been noted throughout the world. 

y Irrigation of agricultural lands alters the groundwater regimen and usually 
produces a rising water table. If groundwater invades the root zone,, crop growth ^ 
is adversely affected by the presence of excessive moisture. In arid climates,, 
soluble salts that a^^ detrimental to crop growth tend to concentrate at the 
soil surface and in the root zone. The net results are waterlogged and salinized 
soils which pose serious threats to'* continuance of productive agriculture within 
these areas. As a result, drainage studies have been and are being conducted in 
areas affected by rising water tables. These studies are quite costly and entail 
a considerable expenditure of time. 

The only practical solution to a subsurface drainage problem, if land is 
to be retained for agricultural use, is the removal of excessive groundwater -and 
salinity by deep drains or wells.' Effective and permanent drainage facilities 
require extensive and time-consuming field investigations, precise design require- 
laents, and careful construction. Drainage investigations ^e presently performed 
by drilling an extensive network of holes in the specific area to be investigated 
to measure water depths and to sample soils. Because the areas involved are 
large, numbej-s of personnel are limited^and, in some cases, access is. limited 
during the growing season, much of the groundwater data for drainage investiga- 
tions must be extrapolated. 

The potential savings in both time and money which would result from the 
successful use of remote-sensing techniques to detect the location, nature, 
and extent of drainage-problem areas, has led the USER, through the USDI EROS 
Program, to initiate studies aimed at the utilization of data required from ERTS^ 
and frcfm aircraft. A recent USER and EROS study (under contract with South 
Dakota State University) in which aircraft data were used to relate crop-canopy 
emittance and reflectance to variations in water depth has found significant 
correlation. Initial phases of this study show that multi-feature analysis of ^ 
thermal imagery has good potential for detection of near-surface groundwater. 
While the study thus far is showing success, it is limited to regions of irrigated 
agric\jlture and the results are affected by the 'Wide variation of environmental 
conditions on the surface such as weather conditions, types of crop cover, and 
individual farming practices. 

The development of sensor techn6log>' to detect water table depths from' 
1 meter down* to 5 meters would result in far-reaching worldwide consequence^. 
It would^ to say the least, revolutionize groundwater hydrology. • It has been 
estimated by the USER that if techniques can be developed to detect groundwater 
at depths of 2.5 neters to 3 meters, a savings of 40 to SO percent may be realized ' 
in invest igatiions of ^irrigation drainage .alone. This represents a savings of 
$3000 per square kilometer, baied oh an average cost of $5000 to $6000 per ^ 
square kilometer investigated. This ^amounts to an annual -benefit of $180,000 
from irrigation drainage investigation aj^e' since in 1973 the USER investigated 
60 square kilonjeters for irrigation dPfrfnage. 

, In* addition to sensing shallow §|youndwater that is important to the plan- 
ning and management of irrigated agriculture, there is a need for sensing of 
groundwater aquifers at depths of the order of 100 meters. Much of the nation's 
water supply is produced from groundwater at these depths. The areal extent 
of aquifers as well, as their depths and characteristics are important factors in 
their :^udy arid utilization. TTie understanding of groundwater basins is 
complicated by cAtain phenomema, including the frequent occurrence of several 
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aquifers at varying depths^ separated by aquiclud.es or other" geologic formations 
of low permeability. Subsurface drilling, logging, and testing are among the 
procedures normally used to locate and measure aquifers in such cases. 

Remote sensing that could penetrate to a depth of approximately 100 meters 
and give an indication of areal extent would be useful in locating potential 
groundwater basins, particularly in desert areas where little subsurface informa- 
. tion IS available. The development 6f sensor technology to detect water-table 
depths from 1 meter to 100 meters would have far-reaching worldwide consequences. 

MAPPING AREAL EXTE^^^ AND LOCATION OF SEEPAGE 
FROM RESERVOIRS, CANALS, AND LEVEES '. 

. ' ^^^^ resolution space-borne senSor is needexi-to provide 'annual observation 
of effects of seepage from Water reservoirs, canals, and levees at selected sites 
throughout the U.S. and in foreign countries. The sensors should provide multi- 
spectral imagery in the visible, near-infrared (IR), and thermal IR portions of 
the electromagnetic spectrum with a spatial resolution of 10 meters and covering 
an area of approximately 130 square kilometers ner scene. 

Facilities, for water storage, water distribution, and flood protections' 
require surveillance of their operation, and surrounding environment in order) to 
detect. seepage, which may be observed from surface or near-surface groundwater 
levels Seepage. results in loss of valyable water, and if continued, mayj^aken 
or erode dams and embankments to the extent that failure occurs. 
• Because in most cases the features related to seepage losses are too small 
t^ be detectable within the spartal resolution of the ERTS imaging systems, it^is 
^recommended that a satellite high resolution imaging system be p^vided. An- 
atternative approach is to use aircraft remote sensing for this piipose. The 
cost of doing this on a wide scale is prohibitive; data has been acquired by this 
method only m special cases where the need was urgent. 

The satellite high' resolution imaging, system described herein will have a' 
wide variety of valuable uses in every area of earth resources as well as 'in the' 
field of inland wgter resources. Initially; the system would be experidental. 
The technology is available to provide a large quantity of data. User needs for 
t t ^"^^^ understood and until tTi«y are matched to the available 

technology, care must be exerfised to supply tfie amounts -and kinds of data that 
the^er community is ready fo assimilate. 

The current cost of using aircraft systems to acquire pictorial coverage of - 
f^V^er resource facilit|fs can be conservatively estimated at well, over $1 million 
^ pey year;for one-time coveigge. It may be possible to "piggy back" water resource 
^^...-^^ervation systems with other spacecraft on space shuttl*e missions and thus ' 
share the laundi costs an^make the water resource observation concept cost- 
effective. It ^s-p^^gglm however, that the wide range of benefits envisioned 
from ultimate -use of^'^ata for water resource. management may justify a separate 
satellite placed m orbit. ' . ' r 

4 \ 

I . . • 

' ^ SURVEIWLANCE OF RIVER" CHANNEL AND BEACH* MIGRATION 

• Over periods of time the flow of water. in a river channel or in littoral 
currents along a coastal area tends to. erqde banks and beaches, move the loosened 
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material tcrrfew locations, and redeposit it. This process caUses the river 
channel to migrate, with continuously changing bend locations and radii, stage- 
discharge characteristics, and buildup and dissipation of shoal areas. If the 
stream is navigable, '*lt is desirable to stabilizfi the channel to prevent costly 
dr^ging operations, possible vessel gro^indings, and accidents* Sometimes 
river channels are straightened as a flood reduction measure, to change the flow 
c]iaracter.istics, and as an aid to navigation. It is then necessary that the 
straightened channel be maintained. Early detection of changes in channels 
which may endanger preventative works or requixe remedial work will reduQie pre- 
ventative ^nd maintenance costs. 

In response to a requirement established 4n Section 120 of the Rivers*and 
Harbors Act of 1968, the U.S* Army Corps of Engineers has presented estimates 
of the extent of streambank erosipn in the U.S. In August 1969, the Corps , 
estimated that 1 million kilometers of banks were experiencing some degree o£ 
damage. This is about 8 percent of the total 13 million kilpmeters of stream- 
banks in the U.S. Damages estimated at $90 million annual ly^ were occurring 
on 275,000 kilome^ters^of banks and were sufficiently^erious to require remedial 
measures.* Approximately one-half of the damage was <Se ^to^ediment^ation, one- 
thirc^vsas clue to land losses, and the* i^mainder was due to miscellaneous effects.. 
Now, 7400» kilometers of bank protective works have been completed art a cost of 
$i.8 million and another 3700 kilometers are under construction. 

In coastal areas, wave action and littoral currents cause heapif erosion 
whi<?h resijits in loss of hdgh-value tfiachfront pro'perty and in many cases 
requires the- .establishment of costly beach nourishment programs/ If littoral 
drift is occurring near a coastajj^ inlet , material is frequent Iv^ deposited at the 
inlet, which may eventually be closeJfi.unle$s costly maintenan<K programs such as 
dredging are pe^rformed. - m.^ ^ 

In orde^r to gain 'an understanding iff the magnitiia^ of 'the^^osion probl^, 
it is helpful to examine some e.stim^-^ ext^H^^ ln the 

ShcreZine Study (U.S. House of ReprKentafives Document 93-121) , .^t .is If^^d 



that of the 156,000 kilometers of U.S. shcSl^ine, 38,000 kilometers ^ are expeif- 
encing critical erpjion problems. It is^est^^ated that it wouJ.^ cost '$1.& bil- 
lion in 1974 dollars to halt this erosion."^* < ' % 

It is necessary to detect incipient changes in channel and oeach configura- 
tion and location so that measures ,to conti*ol erosion can be initiated where 
jlistified. Data are required to describe lateral movements of .channels, widening 
or narrowing of channels, foraation or destruction of channel bars, narrowing 
of inlets, and erosion of beaches. The topography of the channel or beach area 
miist be mapped to water dept|is up to 30 rteters'. The water is usually sediment- 
laden. Resolution is required that permits mapping at a scale c5f* 1:24,000 \iith 
accuracy of 1 to 2 meters in the horizontal dimension, and 0.1 meter in the 
vertical. The areal extent of such measurements ranges from 10 square kilometers 
upward. Since channel migration ia relatively slow, measurement and comparison 
to detect changes need to be repeated annually and fqllowing major floods or 
storms. The data should be made available to the user within 10 days of the 
measurements Jo allow prompt initiation of corrective actions. Coverage .shou^ 
include all coastal areas, the Great Lakes, and all major rivers and waterways* 
of the U.S. - , 

In order to demonstrate the utilitj* of such aflbapability, it is Kroposed^* 
that a pilot project be established 'for monitoring the rate of migr^tlo"n and' 

40 

. 50 '' ' 



shoaling of a portion of a major river, such aS a segment of the Arkansas-White- • 
Red River system, the Missouri River, or the Willamette' River, and of af major 
» inlet which has bem experiencing serious shoaling problems, such as ttie south- 
west pass of the Mississippi Riv^ or the Masonboro Inlet, South Carolina. 
Methods available for such monitoring involve land,, aerial, and hydrographic ■ 
surveying. The benefits of obtaining the data rapidly and more frequently than 
IS presently possible include-savings in- the determination of dredging require- 
ments, m prompt planning of programs for bank and channel stabilization, and 
in their maintenance in advance of failure, and allow evaluation of th^'effec- 
tiveness of ejigineering works. These benefits are highly sfte-specific and 
average values are meaningless, the test program can be initiated in areas of 
very. high return and proceed to areas with fewer benefits. 

The potential for savings may be estimated by examining the latest costs 
of related programs of the U.S. Army Corps of 'Engineers. Approximately $4 mil- 
lion was expended in fiscal year 1973 for beach erosion control.' Costs for 
stream chani\el stabilization are included in the general category of "Channel 
and Harbor Operation and Maintenance," which required $170 million during the 
same period. It is estimated) that approximately $75 million was used for bank / 
protection and channelization, while the remainder was required for dredeine • / 
operations. * * ' 

' ' • '■'(■. 

DELINEATION AND ASSESSNENT OF SHORELINE. PROCESSES 

-* ■ * _ 

Many ^cets of shoreline processes along the Great Lakes are poorly under- 
stood. Shoreline processes have a significant bearing" on a number of serious-' 
problems m the Great LaJces region-^ including shoreline erosion and flooding* 
design of structures and'shoreline protective works, power plants siting and 
thermal disch^ge restrictions, dredging to maintain navigation, associated 
dredge-spoil disposal, and sediment and other pollutant inputs from tributaries. 
A. further complication is introduced by the fluctuation of levels of the Great 

yL.akes. Additional problems during low-wate/ period's include reductions in 
navigation capacity dnd interference with recreational boating facilities. 
Research programs employing remote sensing techniques offer a potential 

.. avenue for advancing the present understanding of shoreline processes in the 
Great Lakes. This advancement will assist various federal and state agencies 
in carrying out regulatory and management programs. Data desired include wind 
directions, durations, and forces; wave heights-, periods, directions, and pat- 
terns; surface. and subsurface current patterns; litfeoral-drift transport 
quantities,- patterns, and dynamics; near-shore bathymetry and dynamics of off- 
. shore sand bars; impact of navigation structures on littoral drift and shore- 
line erosion; upwelling phenomena; and dispersal of sediment and other tributary 
inputs. ■ * ■ ' 

It is recommended that a research project' be undertaken to- assess how space 
systems can be ap|)lied to assist in the further. understknding of shoreline 
erosion processes along the Great Lakes. This effort can benefit from work 
ongoing in the NOAA Marihe Resources and Ocean Survey Program. Additionally- 
concurrent efforts can be devoted to the development of models to explore and 
to utilize fully the data collected. ' This research program can be correlated 
^with present meteorological data collection programs, with the activities of 
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theNOAA Great Lakes Center, with the Littoral Envir6nment Observation (LEO) 
program of the USCE Coastal Engineering Research Center, and with state coas 
zone management -programs, Collectfon by conventional means of research data 
of this type is very expensive and difficult. Effective application of remo 
sensing programs offers an attractive and cost-effective alternative. 



, Management of inland water resources is concerned with and influenced by 
the location, extent, type, use, and management of various land ^areas which ex- 
hibit varying degrees of interrelationship with water qu^mtit^ and quality. A 
parti&l list includes ^wetlands, both coastal and inland, of various types; lake- 
shores, shorelines, ^and stream corridors which through their use, development, 
and management impact the use <and quality of adjacent waters; developed urban 
areas which often substantially modify natural hydrologic conditions^ land^ used 
for waste disposal as in an increasing numbei^of waste-water treatment systems; 
irrigated agricultural areas; and lands associated with water-based tecreation,, 
commence and indus^tfy,: aiid various other water projects. • . 

Accurate data on general and specific land uses and characteristics are 
ingredients in the planning and, to a lesser degree, in the operations 
elated to water resources. Such data are also necessary in waterfowl and other 
Wildlife management programs, in wetlands and other environmental preservation 
and management programs, and in numerous related activities. In general, the 
data required include location, extent, classification by use or character, and 
possibly other attributes. The level of detail needed varies accdrding tp' the 
user and the intended use. In.sotae cases, 80 meter resolution is satisfactory^^ 
O'ther cases :may need 10 meter resolution.* 

A land-use mapping program specifically for water resources management is 
probably not warranted. Insteac( the data 'needed can be'acquired by a space 
system designed to serve a variety of uses, all part erf a community concerned 
with land use. It is recommended that priority be given to the development ^of 
a#system with the capability to^smpply land use data to j^sers at federal, state, 
and local levels. Specific step6 required are improvements in grpund resolution 
to perhaps 20 meters; increased sensitivity and accuracy in sensors to delineate 
land use classes' so that a minimum of satellite data will be acquired thus mini- 
mizing i:osts; and a user-servicing organizatidnaj framework which parallels the * 
present role of NOAA in providing satellite meteorological data. 

A general land-use mapping program will significantly assist water-resource 
programs. At present, data on inland water resources are collected by .expensive 
and tiie- consuming techniques including field surveys, aerial-photographic inter- 
pretation, and questi'onn aires ^Securing up-to-date data is a majoi; problem. 
Some useful information Cartnot be collected in the desired detail because the 
•cost of using current methods wojuld be too higji. Water resources and other 
land planning and management programs havetmany data needs in. common, and this 
can contribute to a cost-effective approadf. It should be recognized, however, 
that'some water managers may need highly ^sj;eciali2ed land use data which will 
!require individual collection and analysis^ . " . 




MAPPING OF WATER-RELATED LAND AREAS 



RELATING URBAN DEVELOPMENT TO CHANG'eS IN RUNOFF 

The existing dataf-base an"%iuantity and quality of urban runoff is very 
small, and no^ comprehensive attempt has been made to relate urban growth to 
changes ^in runoff. A pilot project is needed to establish" how urbanization and 
associated changes In physiography are related to modifications of .runoff and 
runoff quality. 

■ ' Typically, tlje most harmful effects of storms in urban areas occuj; during 
-and following thunderstorms when short periods of intense rainfall produce high 
flow rates. The- result is local flooding, often severe, co;nbined with very high 
concentrations of pollutants. .Maximum flooding and maximum pollution frequenUy 
occur at about the same time. n / 

- In large watersheds, the results of urbanization upstream can be very seri- 
ous and,, although many studies have noted -die general nature and magnitude of 
changes, much is still unknown about specific cause-effect relationships. A 
particularly obvious "shortcoming in previous investigations is the spotty char- 
acterizatixjn of runoff data with little, if any, attempt to collect data on a 
synoptic basis. 

.,• The recommended project seeks to compensate previous shortcoming by -making 
maximum use of space data, both directly sensed and transmitted ffom ground 
sensors,^ to trace the basic changes in watershed physiography through a- period 
of urbanization and to relate these changes t^o changes in flow and quality. 
Specifically, it is recommended that one or more rapidly developing areas be 
selected and monitored over a period of 10 years. The Panel has no particular 
area m nund, but the.areas selected should resemble the Santa Ana Valley area 
m Cdlifomia or. Fairfax County in northern Virginia as they existed 10 or so 
years ago. ^ : . 

Complete records of land use Should be compiled at. regular intervals say 
annually, during the study period. In addition to the traditional measures of 
■land use, such items as permeability, ground cover, channel modification, instal- 
lation of -sewers, and changes in topography should be noted. • Flow and quality 
should be monitored, both^from space when possible and from 9. seri6s of 10 to 
;25 ground locations. The quality parameters to be measured include biological 
'oxygen demand (BOD), suspended and total solids,* nutrients, and temperature. . 
^•At least three major storms would be sampled annually and more, if possible. 

u^^^ sensed directly 'from space require a resolution of approximately one- 
half hectare (one acre) for land use characteristic^ and perhaps 25 meters for 
stream related variables. Flow and qualit^should be accurate to + 25 percent 
, pr better. , . _ r • 

^ Several good mathematical models of urban -systems- exist, but their use is ^ 
severely hampered by lack of data.. It is proposed that this.study use existing 
models. As the study proceeds it may poiht the way tcward rfew -and improved ones. 
The resulting. tools will be invaluable to urban-planners and engineers and not 
only will have a direct benefit to planning .for flood control and pollution 
abatement but also will peiroit more deliberate and rational planning of urban 
development and resources conservation. 

The cost of the program described here is»very hard to estimatex but an ' 
estimate of $300,000 per year can be postulated. A study on the scal\ proposed • 
has never been attempted, but it" is <#ear that to attempt it with con>lentional ' 
data gathering methods would be prohibitively expensive, and the information. * 
Obtained would-be incomplete. < 
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, NATIONWIDE INVENTORY. OR THERNIAL CONDITIONS * 

The Panel recommends the establishment of a thermal baseline for all major 
surface waters in the U.S. The natural temperature of these waters is increas- 
ingly subject to modification, either through the direct action .of man as when 
the water is xiied for cooling in industry or through indirect action as in urban 
development or in the destruction of forests. Water temperature is a vital 
factor in the aquatic ecosystem, and it is now widely recognized that changes in 
the thermal regime may alter the entire food web, causing the rise of cextain 
species and the loss of others • Unfortunately, there is. not a good thermal baser 
line, and investigators today are not able to make valid comparisons with con- 
ditions of a decade ago. The purpose of the recommended study is to provide such 
information for the future. Data on responses of surface waters to thermal Ipad- 
ings will also permit a check on important theoretical calculations • . The 
electric utility industry has a need for large' volumes of water for cooling of 
thermal electxic power plants, Onc^ through cooling with ocean water, and to a 
limited extent, inland surface water, has in the past provided the means for dis- 
sipating the waste heat. Because of limitations for ambient temperature rise 
being established by regulatory environmental agencies, increased attention is . 
being given to evaporative cooling systems* *^arge additional quantities of 
water for consumptive use are not available in many parts of the country. , To 
examine the trade-offs with once- through cooling, there is a need for careful an)d 
well-documented measurement of fhe thermal characteristics of inland and coastal 
waters. ' , ' * 

An ideal stUdy wpuld measure average monthly temperatures, for all major 
surface waters, but the Panel believes that valid ,d?tta for any year, by month, 
will be valuable even though that y^ar ^may not be average or ^ven typical. The 
important factor is to obtain a "^snapshotl' of present conditions. What are 
magor surface watery? This clas^sification includes as many bodies of water as 
possible, but the Panel recognizes* th^t every creek and pond cannot be ^cov^fed. 
Basically, all navigable streams should be included, all lakes in excess of ... 
about four hectares (ten acres), and all streams with" flow in excess of 
^.8 mVsec, All situations should be coVered for which a satellite-biome 
thermal sensor having a resolution of about 25 meters can take a good reading. 
In situ sensors ate desirable to furoish vertical thermal distributi9ns in deep, 
lakes. Data should be collected at least seasonally; weekly intervals would.be 
optimal.* Space data should be supplemented by ground data at a nimiber of locar 
tions -Sufficient -lo provide indications of cjaily fluctuations^ The finished 
inventory should pV^ide records of average monthly surface water temperatures • 
in both* digital and map^orms. For large iaikes and' rivers, a significant amount 
of .Sampling is implied; for small water bodies, a single-point valiie may be 
adequate. ^ - ' 

The Panel considers thai inventory of •thermal conditions impractical by 
any known means other thao satellite and remote sensing. Usin^l^ sp^ce system 
can give the wide co^^erage desired and the added advantage of auniform approach. 
The benefits of this project are based largely on health and social values in 
much the same way as is the current massive pollution control program, a program 
which involves a. committment of as muth as $lOO billiqp over <a 15-year period, 
and which has been decided tip6n without any serious attempt to make a cost- 
benefit assessment. *The,cost of preparing the inventory of thermal conditions 



Jw'?^r*^°"^i " possible, woiild.be immense. The Panel estimates 
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> • 'DETECTION AND MEASUREMENT OF SUSPENDED SOEIBS " . 

1^ Vf^^ reservoirs in the ati^ western U'.sV lose stdtage We because suspend 
A^^?^-^^,"','^^''^ ^^^^^ tributaries and from L^atershSltse^f 

JoisJricS""'oS lilting must be provided when the J^L^voix^ 

If ITlT^ lt,/ .K h^2^.=^i"tenance costs are incurred because of sUtation 
of outlets and other operational facilities. Silt deposited iriwaterwavs and 
bays becomes an impediment to navigation and requir^s^coJt W Sed^g ^ere 
flood-control dams have been built on sedimentldarrying streams, r^uSi^ns of 
Wi?v S?fe^t tfS. ^^'^"t^epoMtioT" •mis.depositioTcL Stri- 

^^jLfS Lf.Si'r'T^ ^^-^^^^^ ^° ^ significant degree. " • 

2^ niSish Se i^LJ! ' occur-wh^n suspended solids, whidi would nor- 
^urisJ^^i ■^''^f ^""^ ""'"^-^^ ^^^PP^'^ reservoirs. Without such 

JS^s^ace. ^ °" and. tjie. erosion of coastal feati^s often 

coi^.iJ^^^^ recommended that i demonstration program be designed to determine hdw 
satelUte and aircraft remote sensing capabilities can be. agued to t^Hj^bleL 
^isilifi^^.S waterways. A study model caS^be based on aT 

i 5 reservoir where sedimentation i^ a problem. An additional study can be 
•■So^f ? to. measure the shoaling ^a^a U.S. harbor. ReWe seL^ng sl^ould^e 

S k^/mf Sr^' '^P'"^"' r^'^ ^ concentrations from 

Lr^L ^ accuracy of ^ 10 percent. In, a bay or harbor*'various scour- 

ing and shoaling patterns should be .observable, . scour 

TRe b^efits of such a demonstration program' will b6 extensive. For streins 
~<u^r''?S'''^ more effective project designs and reduced operating cSs Sr 
S mS?oJ^H ^?^.rP^ental damage to- fish can be defined Ind co^ected 

ZrK^!? • ^^'^S^sNtf a navigational waterway or harbor caiT be done S'a 
.^ore timely, manner an'd with greater efficiency. • . ' °^ ^ 




DET^CTIpJ AND NE^UREMENT OF SALINITY IN WATER AND SOIL * . 

contenr°iiirJ!^of including electrical conductivity and chlorine 

SuTIL^I^ Jnajor, assistance in th^ management of inland water Yesources 
Se^r^hirS^T' ^""^ ^^^^"^ ^f 3ala>,ityvaries,wi.dely^rough4 tA^:^^^ 
the problem affects many aspects of .the "beneficial use of- water! . ' 

■ " ■ ■ ' " ' * • . " 

1. _ Salt water intrusion into estuaries can*'affect both plant and . 
- animal life. The shape and extent of the salti wa^elr w^ag;- . - 
niust be taken into considafration in the diversion "of water" ftfr ' 
. imgatxQn.,;,m^xcipal, anfl industrial purposes. 

■ ' ^' ^"^^'^ " important- in determining >d!!l.- ' 

extent of usable water supplies an'd: in locating sumps fjf the - 
disposition of bxjate^and other waste waters. ■ S 



3. 



4. 



The salinity of soils affects the suit^ili^y 6f iap^^or many 
uses, such as installation of pipelines /^d st|ruciOTie5 subject 
to corrosion* Salinity. is .an -iDgortant factor in considering 
whether land is potentially useful;,'*. Jilf' i.ttig^ted,. £br 
agriculture. ' ^. ' ' 

/ Concentrat'ions of^alts' in.the.root. zones' -of plants are a 
factor in 'determining the mQst efficient irrigation practices 
and the amount of Water ^^©Lhe applie4# They .also are ja factor 
^n the drainage of waterlo/ged lands whose productivity is 
decreased by salt buildiq).^^^^ 



5. 



Salinity of surface streams is affected tfy both point-source )' 
and nonpoint -source degradation.- Natural runoff from surface 
areas carries dissolved salts into stream systems, particularly 
in arid southwestern U.S.\ Salt-laden springs frequently con- ^ 
tribute significant qtiantitifes to* the system. The return flow > 
or drainage from irrigated lands must return to streams salt 
^ in quantity equal to that brought in by the water used' for 
irrigation', or else the salt balance of the irrigated soil 
will not be maintained. Effluents from municipal sewage 
disposal and frorn'mah;^* intfiistrial processes increase the sal^t 
-loading of surf ace streams. ' • . * c 

A demonstration pirogram should b^ designed-to provide ^for the research and 
developnent of a remote-sensing capability for salinity, measurement., This 
shoi>ld be done on a basin-wide basis, and should include as many kinds of salt 
occurrence as possible. The Colorado River is on^ exa3i5)le of an overcommitted 
stTe0 system and displays most of the salt problems previously discussed. 
Salinity of the river occurs naturally because of leaching of soils in the basin 
draining into the stream and because highly mineralized springy and geysers help 
feed the stream. Saline return flows *frt)a iirrigated lands and high reservoir 
evaporation result in a continuing downstream degradation. Oil-shale processing, 
^coal gasification and liquefaction, and other energy-related processes have an 
'effect on thg river sa^nity but the extent iS unknown". It is desix^le to 
establish l)aseline coiSfttions along the oiTCire Coloraiio River and its major 
tributaries. Continued monitoring will/determine changes, assist in control of 
waste- discj\arge activities, and help in the enforcement of existing* regulations. . 

In order to conduct the demonstration pr^^am, additional ground truth will"^ 
be needed. A remote sensing system^ should, have the capability of 20 mejer 
resplutio^;^ Vor water/surfaces and a larger area of measurement for soils. The 
desired meisij^ement will .i^ange from 0 to 32 kg/a^ with an accuracy of +_ 5 percent* 

The U.S. Bureau of Reclamation is authorized by Public Law 93-320 to under- 
take a salinity-improvement program on the' Colorado Riyer System at a cost of 
$28,4 million. While a remote-sensing program that proves effective on the 
Colorado Riv^r wil^l have long-range benefits along thai? river, its ma^or benefit 
will be in reducing the cost .pf^futere instrumentation and data-gathering activi- 
ties for other river basins and estuaries. For a basin comparable to the 
Colorado River that cost saving might be in the order of $600,000 annually. 
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ASSESSMENT OF LAKE EUTROPHrCATION 

■ Considerable interest has devfeloped nationally in the eutrophication of 
natural and inan-made lakes. .The National Water Pollution Control Act of 1972 
• -Sff r?^i^ requires determination' of the trophic status of aU publicly owned 
^nland lakes and authorizes fimdingweor l^ake restoration programs. 3Tie 
Environmental Protection Agency currently has underway a National Lake 
Sff^^r^^T" fP^^y- based on conventional water ss^Wxig techniques. Dat;a 
^Uection for the determination, of lake trophic status by using conventional • 
-techniques is costly ajid labor ifitensive and requires considerable logistical 

siqjport. Adequate evaluation often requires repetitive sampling 

^W^r /'Tf y"^- "^^^^ ^^•^^^^^^ with the fact^ir' 

°f evaluation, lend support to the need for develop- 

Sf S.^JoTi''^ assessing the trophic conditions of lakes. TTierefore, 

• applicability of satellite remote sensing techniques 

and preliminary results show substantial potential benefits. • 

gener^fways:' "^"^^^^^"^^ ^« "^^^"1 i" eutrophication assessment in two 

•1. By Eliminating or reducing the frequency and extent of con- 
ventional water sam{|ling 

2. By augmentyf conventional data, which are generally point 
samples an^ limited in number,- to provide a broader assess- 
ment of LSucewide conditions. 

The parameters sulested fd^ evaluation include: lake-surface area, bathymetry 

SSnT^ ^T'T^ ^^^"^^ transparency, chlorophyll-a concentration, aS 

plankton levels Jlhere may; possibly be additional parameters. 

nn! reconmfended that high-pfiority efforts be undertaken jointly by NASA 
^and EPA to resea*h, develop, and make operational an effective space-borne • 
sensing systemJJt assessing the trophic status of .inland lake*. Specific 
objectivej^f»f^th^|^^nstration.pro^ (1) improvement in areal 

ground resplutic(Jn\o ^O-m^ters, (2) further investigation of the potential 
which active laser lystems hav« for differentiating classes of algae, and 
(3) improvement, m sensitivity of other sensors to detect spectral- manifestations 
S!! J^,, / f ^° euti7)phication. In addition, efforts should be directed . 
^n^fof^^ development of models that can rajlate spectral. values to such indica- 
tors of trophic status as chlorophyll-a and Secchi disk transparency. One 

^rT^ ^l- P"^^^^"^ ^"^^"^^ detailed surveys on selected lakes through- 
"atio". in concert with remote sensing from both spacecraft and aircrJt. 
•niere is a possibility that ongoing, detailed lake studies by various agencies - 
can be incorporated into this effqrt. ' , . * 

« 

ASSESS^ENT OF TIDAL REGIMES IN ESTUARIES 

onrf .^fl^^f ?! "^"f^ °^ ^^^^^ salt waters, are-usilally shallow 

and rejat^ively sheltfed. Here the copious (Quantities of nutrients contributed • 
by the rivers and tl,e mineral salts supplied by the sea are s>'iithesized by 

% * * 
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stmlight into a basic substance of life^ the protoplasm of the phytoplankton. ^' 
The estuaries^ providing abundant phytop lank ton, support vast populations of 
mollusks, crustaceans, and other invertebrates which feed directly on unicellular 
plants and in turn become the source of enprgy.for higher forms of life. 

Estuaries have also become other things: avenues of commerce, sites of ' 
intensive commercial and spOrts fisheries, loci of residential and inciustrial 
development^ convenient receptacles for enormous quantities of industrial and 
domestic wastes, and in recent years heat sinTcs for producers of electrifal 
energ>'. Despite characteristically enormous capacities for assimilation of • 
wastes and dispersion of heat, many estuaries are becoming degraded. Goveniment 
agencies are confronted with the very difficult problem of preventing further 
degradation while accommodating continued residential and industrial growth in 
the estuarine areas. 'Central to resolution of that problem is increased knowl- 
edge of the d>Tiamics of estuaries and particularly of the tidal regimes. 

In some estuaries the tidal regime has beccMne, in generaj, rather well under- 
^ stood and documented, through many years of painstaking research that has employed 
conventional method^ of data collection, storage, and retrieval.. Seldom, Urowever, 
is that knowledge .sufficiently detailed, complete', and current to provide sure • 
^guidance in such critical managemel?Kdecisions as the following: where to 
locate power-generating stations, how many such*Xs tat ions to permit, and what 
restrictions to impose on their operation; where to permit the discharge of 
domestic and industrial effluents and in what quantities; whether to permit 
major morphological alterations; how to dispose of dredging spoil; how to manage 
fishery resources. 

It is believed that with data from satellite-borne sensors tftere is promise 
of acquiring definitive knowledge of the tidal regimes of estuaries, certainly 
with tin^liness and possibiy with cost effectiveness. The critical data need^ . 
are numerous. Accurate measurements of surface and subsurface ten5)erature, * 
salinity,' current velocity^ and surface elevations must be obtained s>'nopticklly 
on a precise schedule. If such data needs are to be met by remote sensing, 
'resolutions of 100 meters in open waters and 10 meters in more confined waters 
must be obtainable. Required accuracies are temperature, O.l^C; salinity, 
0.1 part per thousand; current velocity, 0.5 cm/sec; current direction, 0.1 
decree; and surface elevation, 5 cm.^ If the required data at hourly interv'als 
cannot be obtained by remote -sensing, the. employment of in situ sensors report- 
ing through a geosynchronous satellite may well be a viable alternative^ Neces- 
sary modifications of conventionally employed sensors appear technically and 
economically feasible. Jhe Chesapeake Bay appears to offer significant advan- 
tages as a site for' a demenstratipn project. The Bay is large, complex, highly 
productive, rather well researched, and deserves early attention. Construction 
by the U*S. Corps of Engineers of a hydraulic model centered on the Bay is near- 
ing Gompletipn. Over the next several years, when the model* is in process of 
verification,, opportunities will exist for comparison of data obtained by 
various, methods. * " . 

The Panel is not prepared to quantif>' the benefits and costs of the pro- 
posed demonstration project. It is believed that if the required data are ' 
obtainable* by remote sensing, the ratio will be very ^favorable. If the same 
data must be obtained by in situ sensing and relayed through a space platform, 
it is somewhat less lik^y that the costs will be lower than with conventional 
methods. -In both cases, the probability of a reduction in the time required 
to achieve the objective is a factor that cannot be ignored. 
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] SURVEILLANCE OF ICE CONDITIONS 

knowledge of ice conditions in lakes and streams is important -for 
cOndSSn^'aS Tr J°'' °f ^^^f^^l PiHToses; Navigation operations uider winter 
SiSii^f drastically affected by such factor:s as ice formation, types, 
thictoiess, and areal extent. In addition, particularly in northern sttreams ice 

iSfteTd"-"''°"? '^^^"'"^ ''^^ oLy i? LtiSpSd^d 

pii^Ses is Sin? ^P"^"' resolution required for operational 

shoSd h. w-r^-'''?n''''^ • ''"'^"^^"'^ ^^^^^y °f * 15 percent. Vertical . 
^ccura^y should be within 10 centimeters.. Data must be delivered within 1 day 
and preferably within 1 to 2 hours following observation. The geo^SScal S^ea 
covered may .extend for 500 kilometers geograpnicai area 

'^^^Iv^San^?^''''' demonsiration project can be accomplished with 

STreseLS d^o1^^.hh'^^' ^^^^^^ ground-trSth information, 

r^uirel^!^- . including in situ sensors may be 

jrSuLl^or?!^^: /i^' r'"'^ type-and^distribution of ice iTa number 
ot critical portions of the Great Lakes, the Illinois waterway, and the naviea- 

d^iSg' o\°3i?Lns\?f "i-i-iPPi f^ver. Areas of inte^s^'wSl be mSred 
aurmg conditipns of ice freezeup, growth, and breakup and during drastic weather 

and ground truth on ice thickness and types at selected locations 2 the liZ of 
win-be L^t^ofH^"' ^"""^^ overflights. oUa air and water temperatSe 
SiL^h ^'"f continuously. Estimates of ice thickness will be menmted 

See SteriS'SxJJT lU'^'T ^-P-"— • dielectric constant^f sur- 

Snt^n^^ f I "?^l"«d to assist in determination Q^snow moisture con- 
2«T;h nit°Pr\ in5)urities, and open water conditio^. TT.e projSt 

? i'i.'^' °^ t&iickness, ice mdvemelit, and ice location 

t^on of'Si^1nS™a;r' °^i':w'°?^J'°" and breakup, and shoild peimit co^reS: 
tion of this information with the difficulties of navigation through ice fields. 

l^ctili^^jr f -^^ P^^^^^- ''^^^ i"^^"'^^ ^ reduetioh in the cost of cS- 

inSSi-fonfV "^^^ ^"^^"^ Collection of ground-tnith 

?of^^ about ice for operational purposes is Very haz^douf and th^Ssk of 
I ^^T^' ^^"^ °f has occurred from floods foilow- 

.ion ^^''^f^"^^°'^f' ^'^^eibome Shipping industry .^l so occur through an exten- • 
•a -Joint Experience during the winter of 1973-74 from 

a joint.project ii|olvi^?g NASA, NOAA, the USCE, and the U.S. Coast Guard glv;s 

^^vii^^r "-^^ ^ ^^^^ conducted on the Great It 

S tie l?rf?eef ^"-^^^^^j^^^" information tt 30 vessels,, or about 10 ^rcLt 
ot the total fleet. The information was obtaineS by using radar remote sensing 

'lte 2T.7o :xt:nTS°" °" thickness. With th'is.inlonnatlon'the vL^S' 
were able to extend their operation beyond December IS, 19/3 to :^Fel)a|uary 7, 1974 
This resulted in an. estimated S million tons of additional shipping belL moved 
^ofJ^t r""^''' and resulted in revenue to the shippers of $5 m! liS? ^ 
ajount does not include jhe savings in inventory cos?s of ,the comodi?y andi^ 
the cost of providing additional storage at the teiminals^ If it is a^sSed 

sMpSerf of S50 ™?n?^n ^"^^^"^''1 ^ estimated additional revenue to , 

Shippers of $50 million can be realized. To this can be added additional value ' 
received by the inland-waterway industry. . aaaitionai vaiue^ 
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^ ASSESSMENT OF FLOOD DAMAGE 

^During and following floods along rivers and in coastal areas, federal and 
state* agencies must assess the extent of the flood danage. The information is 
used to sirpport requests for emergency assistance, to determine recovery efforts 
required, to determine what flood damage was prevented by existing protection 
measures,' and to €f/aluate the need for new or additional flood protection. The 
rapid availability from remote sensing of in-formation about the extent of -flood- 
ing can be most helpful, particularly when thB flooding involves extensive areas. 
Visual imagery, before dnd after the flood, together with surveillance of develop 
ments i>i the flood p^ain, may also be useful in damage estimation. Presently, 
damage assessments are conducted by expensive and complete in situ surveys. 
Finally, rapidly available data on .water surface elevation and river width during 
the progress of the flooci together with topographic information throughout the 
region can be used to predict flooding downstream. This is very iiqjoirtant since 
channel characteristics change during hi^ flows, as may be noted p^ticularly 
in 'changes that have occurred in the lower Mis-sissippi River. 

Parameters required for assessing flood damage are the width across the 
stream, both within and without the bank area, and the elevation of" the water 
surface. The width, of the water surface has been previously liieaisured success- 
fully with ERTSrl, imagery. Remote sensing has proven to be useful in providing 
quick estimates of thejsxtent of regional flooding. To-be most useful, the data 
should permit mappin'g the flooded atea to a standard scale of 1:24,000 (a sc^e 
nQt available from ERTS-1) and with an accuracy of 5 ^percent. The regional area 
to be covered may range from 250 to 2500 square kilometers. All river basins . 
within the U.S. must be included in this coverage. Area's subject to flooding 
shouid be covered a% least twice daily during tHe flooding period, preferably 
every 4 hours. . 

As the required capability has Jbeen demonstrated previously, the main effort 
ill the j)Toposed proj ect should be directed toward introducing the. program into 
the operational procedures of appropriate agencies. Primarily involved are the 
U.S. Army Corps of Engineers. and state and local agencies. Estimates of costs * 
and benefits are difficult to obtain. As one measure, the USCE expended $8.5 
million for flood and coastal emergencies during fiscal year 1973. It is diffi- 
cult to determine the amount expended in the assessment of flood damage because 
of <!iffering ^accounting procedures • The figure given does include costs of 
remedial measures taken during emergencies, for example, levee repairs. 

SURVEY OF ROOTED AND -ATTACHED AQUATIC VEGETATION 

Abundance and dispribution of rpoted and attached aquatic plants are of 
significant interest in the management of inliind wat^r resources and related 
fields of fisheries and waterfowl management. Both rooted and attached aquatics*^ 
caiT be and frequently are detriments where they occur in exce;5sive abundance 
and interfere with navigation or impede water flow directly or by trapping sedi- 
ments and accelerating shoaling, clog intakes of water withdrawal systems, shade 
out morfe valuable species^ and inj^erfere with recreational activities such as 
swimming and fishing. Maiy species of rOoted aquatics are more or less beneficial 
and sorae are extremely valuable as cover and forage for many animals, including 
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crustaceans and other invertebrates, fish, and i?aterfowl. . In estuaries and 
large lakes, rooted aquatics provide relative stability where they occur in 
shoal water and thus make possible the e^cistence of communities of lower animal 
species of great importance in the food chain. . ' 

Surveys of aquatic vegetation are routinely conducted by management agencies 
of obtaining early warning of need for cohtrol measures; for evalua- 
tion of the effectiveness of control measm-es; or, conversely, for eScaluatioh of 
the effectiveness of efforts to establish dSsirable species, extend t^eir range, . 
or accelerate their growth. Such surveys usually combine air and grojnd obseJva- 
TV °^ observations from the air is limited by turbidity . 

u ^^^^ aquatics are submersed rather than emergent or 

floating. However, when most of the submersed species are at or neir full 
growth their terminal leaves extend to or very near the air-water interface and 
are easily observed, particularly at low water levels. 

It IS believed that multispectral sensing in the visible and near-imfrared 
' ^Susi5''°l?i°H^'°''^''^^"2 satellite or high-altitude aircraft can be advanta- 
geously employed in surveys of rooted and attached aquatics. Resolution of , 

IL^tt" l u.^ '^^f'^ ^^'l"^'^^ ^^^^P^ ^ ^eas, and 100-meter 

ISirSir^rf f ^ "'^^ suffice-for some purposes. Species differentiation is 
JSi^H ; .^^'^ identification can be useful. The matters of plant 

type and density of popuratlon can be resolved at the R§D level by coordinated 
T^'t^V^i^'K^'!'^ surveys.> Logical sites for demonstration projects 

^^r,t f"""^ ^^"^^ ^" southeastem U.S. where problems have 

long occurred with "pest" snecies of aquatics in waterways and where control 
S S^/""^ ongoing and (2) one or more states which have- important wintering . 
Z^f^ waterfowl, especially where there is an ongoing effort to promote 
growth of one or more species of aquatics. s 6 p uce 

h.S^^iJ^T^°? and costs is not possible with the information' 

5 ;-^r.-^\ r ^^^^^^^5 the benefits could be very substantial. A measure 
of potential benefits may be obtained by noting the expenditure or one federal 
agency. During fiscdl year 1973 the U.S. Army Corps of Engineers required * 
.51 million for detection and $1.5 million for control of aquatic vegetation. -It 
IS estimate^ that a 30 percent reduction in the cost of detection and a 15 per- 
cent redtiction in the- cost of removal (due to early detection) would result in 
•a savings of $450,000 annually for one agency. Ihe resultlTig savings in man- 
power which can be used for other purposes is also* a substantial benefit. 

^ ... . 

DETECTION AND EARLY WARNING OF. POLLUTION VIOLATIONS •« 

During the past decade, tRe federal and various- state governments have 
enacted or promulgated an unprecedented number of stringent laws and regulations 
against water pollution and have issued great numbers of discharge pennits 
specifying the level at which permittees are authorized to "pollute." The sneci- 

^" ^"^^^"^ regulatory agency issuing - 

5eL5S^ '^"^J''^ standards are not violated and the enviroLenV is not 

degraded. Lkws, regulations, standards, and permit specifications are meaning- 
Ir^fJSIt VacL^^Je!''"'''' enforcement, but enforcement Kks been exceedLg- 
• l^e inherent difficulty in the enforcement process lies in the nature of' . 
EJost of the violations. They often are inadvertent, usually are transient, and 



51 



almost always are detected only hours or days after they occur and then only 
through observation of'secpndary effects. .A "slug" of acid mine drainage or an 
ephemeral discharge of a toxic chemical from a paint factory, which ^causes no 
visible change in the receiving i^ater, may kill thoufands or millions of fish, 
generate hundreds of telephone calls t^ the enforcement agency, and leave no 
substantial clue to the oriV>n or even the nature of the discharge. The frus- 
trating experiences of a number of years of enforcement effort force the conclu- 
sion that agencies responsible for prevention of pollution must have timely warn- 
ing that pollution has occurred if they are to be effective. To be maximally 
effective, those agencies need to know that pollution occprring ajid, to mini- 
mize effects and fix responsibility, they need to. know exactly wherT'it begins 
and precisely where it is occurring. Supplying that information appears to be 
within .the capability of current technology. - * ' 

Under the provisions of extant statutes, every discharger of a significant 
volume of effluent must obtain a permit. The regulatory agency is advised by 
the applicant of the quantities and compositions of effluents propoised to be 
discharged and the permit, if issued. Specifies rates of discharge which may not 
be exceeded. The regulatory agency, in every case apprised of the nature of ^ * 
*the discharge, is often in a position to arrange for the design 6f sensors that 
-can be installed at or near the point of discharge, are capable of detecting and 
reporting violations of permit specifications, and can identify the location of 
the violation. The Panel suggests that a communications system be provided 
through a •geos>Tichronous satellite, with violations reported directly to enforce- 
ment agencies, tfith full implementation of this proposal, an enforcement agency, 
probably at the state level, will be able to dispatch investigators to the scene 
of a violl^tion within minutes after occurrence rather than hours or days latere 
The Panel believes that the proposed system will provide substantial, assistance, 
npt only m fixing responsibility for violations but also in discouraging chronic 
or intentional violators and in encouraging occasional or inadvertent violators 
to be more careful . 

•The Panel suggests that a research program.be initiated now to design appro- 
priate sensors and communications systems and that a demonstration project be 
launched as soon ars practicable in a region where pollution violations are 
frequent. The advantages of using the Chesapeake Bay for a demonstration project 
have been discussed earlier. The Baltimore harbor area seems particularly suit- 
able for the project. 

Potential benefits of an operational program of the kind recommended include 
(1) saving of many man-hours of investigative effort now expended too late to be 
effeftive and (2) the value pf biotic resources that would not be destroyed if 
damaging discharges were detected and terminated promptly. 
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CONCLUSIONS .AND RECOMMENDATIONS 
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INFLUENCE OF THEc PROPOSED SPACE TRANSPORTATION SYSTEM ' - 

The space transportation system for the 1980' s in the form of space' shuttle. 
Spacelab and the associated upper stages (tugs) can have significant impact on 
needs related to inland water resources in four areas. The Panel offers conclu- 
sions and recommendations in these four areas as follows: 

^A-^' 2l® development of multispectral sensors is pertinent for water quality 
studies The "Panel on Inland Water Resources has pointed out several situations 
m which the quality of inland waters should be inventoried and monitored. - The 
needs for quality characteristics apply not only to layers of water, near the 
si^face, where spacfebome sensors have already been shown to have some potential. 
^ h^t also to watet v7ell below the surface. Furthermo:^, many water quality "para- 
metersineed very precise spectrometric observations if they are to be identified 
by remote sensing. Spacelab. offers a possibility of permitting the development ^ 
of sensors >rhidi my achieve these results. A payload technician on board the ^ 
Spacelab would be able, ideally, to coor^iinate observations with ground-based 
experiment teams. These teams would collect ground truth and coordinate and " 
refine the results of preliminary analyses performed by the payload technician. 
There IS a very significant challenge in this area of endeavor, and the potential 
benefits are quite- large. - . ' 

2. The development of microwave sensors with high spatial resolution can 
contribute to quantitative measurements of soil moisture, ice cover arid thickness 
snow water equivalent, and precipitation. Observations from space in the micro- 
wave portion of the electromagnetic spectrum offer considerable promise of 
obtaining quantitative. measurements of these parameters. As described earlier 
promising results have already been obtained with use of sensors on NIMBUS, ' ' ' 
Skylab, and high-altitude aircraft. However, instruments should be developed 
with capabilities for high vertical 'and horizontal resolution and for multi- • 
spectral active or passive microwave measurements involving the^use of 4arge 
antennas or synthetic aperture antennas. These systems could inVolve relatively 
large amounts' of power, include complex on-board data-processing systems, and 
produce large amounts of data, -ffefore such a microwave system can become opera- 
tional and thus be applied ?o problems related to inldnd water resources, includ- 
ing the specific ones mentioned here, considerable research and development are . 
needed. • ThisU^D very appropriately can be acconylisl^ed. in Spacelab. 



The presence of a payload technician should markedly increase the probability 
of obtaining successful results during the 7- to 30-day missions, 

3. The space shuttle can serve as a platform from which to launch unmanned 
spacecraft* Data required for management of inland water resources generally 
involve long-term repetitive observations from unmanned spacecraft. It is con-* 
ceivable tRat large numbers of such satellites will be needed to implement pro- 
posed projects^ The satellites may be launched, repaired in space, or retrieved 
by means of the space shuttle and the procedure may offer considerable savings 

to users of the data so obtained. * , ' , 

4. Observations and interpretations provided by a human iri spaca may make 
a valuable coTitribution toward realizing the objectives of water resources man- 
agement. Although it is difficult to describe specific situations space 
other than those alre^ady indicated where more human involvement will be required, 
it nevertheless intuitively seems to the members of the Pantl very probable that 
a trained hydrologist or water resources specialist on board Spacelab can obtain 
valuable insight from visual observation. For 'instance, a hydrologist on board 
Spacelab may be' able to survey and direct assessment of damage due to large 
floods in a way whiih will expedite ground-based operations associated with 
^insurance claims and rtscue operations. A hydrologist should be included on at 
least one Spacelab mission in order to evaluate this possibility. 

f « . ' 

A 

GENERAL CONCLUSIONS ^ ■ , . 

In reviewing the 1969 report of the Panel on Hydrology, the Panel on Inland 
ftater Resource>^oncludes that the findings of the 1967-68 study generally remain 
vaiid. The hydralogic applications that weye within the" state of the art. in 
.1968 have been partially realized". Further develqpment aftd refinement of. these 
applications will produce significant benefits. Trie Panel on Inland Water 
Resourced further conclude^* that: 

*. ♦ ' , " 

i; -The operational hydrologic program -recommended in the 1967-68 study 
will not be realized In the time frame suggested by the Panel on Hydrology. 

2. Programs based on applications of'^space technoJ.ogy can generally be 
grouped into four main areas related to the management of inland water resources: 

a: Inventory 

* b. Basic- research or^ hydrologic balance 

• c. Planning 

\ d. Operation ^ • ' . * 

^ 3. Whilie considerable basic research has been carriecf out that indicates 
a great potential for remote sensihg, limited applied research has been conducted 
to develop the kind^ of fully Operational systems that are needed in the broad 
spectrum of inland water resources for application now by the nonresearclv user. 

\4. In order f6r applied research to be successful^ it must have the direct 
involvement of potential* use?:s. , \ . - * ^ <^ 
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5. There is a need for all public agencies, federal and state, and the 
private sector to take advantage of potential capabilities of space- technology . 
to meet user requirements. 

6. Because aircraft, especially the U-2 and RB-5*7, offer needed flexibility 
in operations, are useful in teiling and developing equi^m^t, and offer th.e 

•advan'tage of increased' resolution at lower elevations, the Panel has concluded 
that they will ^ontinue to be useful for remote sensing.^ 

7. . ERTS-l'with its 80-meter resolution has demonstrated a limited but 
useful cajiability to map snow and ice cover, large lakes, and flooded areas and 
to fSlay directly sensed data through DCS. 

8. Current practices for dissemination to users of available space data 
on inland vfater resources are not satisfactory." Prompt dissemination' of data 
is required for many operational programs because of .the transient nature of 
the data. 

9. The Panel discussed a potential combination of data services now loca- 
te at Suitland*, Maryland (National Environmental Satellite Service), Sioux Falls 
South Dakota (EROS Data Center) and Salt Lake City, Utah ^(Agriculture Information* 
.Center). It was noted that the National Cartographic Informatjion Center '(NCIC) 

is currently being established as a joint venture of the DepWtments of Commerce 
and the Interior to provide data location services. This jiew venture combined 
with-the existing structure appears to meet current user needs (provided NCIC 
moves rapidly). This, combined with the fact that each >of the-three centers -has 
specialized missions, .leads the Panel to conclude that no. merging of center 
functions * shcmld be considered at this time. ' • ' 



10. ■ The practical application of space systems, while it offers potential 
benefits to users, is being iiihibited and may continue to be limited because of 
a lack of knowledge of how to use space technology in the user community. 

• • * I 

. 11. There is a need for professional and technical societies to J)romote 
^greater awareness of progress in the practical application of space, technology 
and to encourage its development through tTieir publications and committees. 

/dvances in basic understanding of hydrologic phenomena and in capa- 
bilities for water. resources management can be facilitated provided a vigorous 
sustained, and coordinated effort is mounted similar to that which occurred in* ' 
the field of meteorology. . ^ ^ . 

13. To "achieve maxiS^fnet benefits any proposed satellite, water resources 
program should be integrated with other satellite earth resources programs, for 
example, land use, 'agriculture, and environmental quality. 

t 

14. There is a neei to develop both in situ and remote sensors to measure 
adequately .many of the water resources parameters required in an operational 
satellite program. 
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15. Essential components in the effective application of space techno.logy 
to Water resources problems are data proces^jig, modeling teclmiques, and 
information-display procedures. - - 

• , • . .• GENERAL RE^X>^W^I^DATIONS . . " . 

The Panel on Inland Water Resources recommends the following: 

1. Pji opebationat satellite liater resources program should be' developed 
inthin the next 5 years. To achieve maximum benefits this program should be 
integrated with other satellite earth resonxrc^s and weather programs. A data . 
ccllection system must be one element of subh a program. The "use of aircraft^ 
including the U^2 and the RB^57j should continue in the devetopment of remote 
sensing programs. 

2. Federal agencies iftth responsibi^ties in the development and manage^ 
ment of the nation's inland water resource^ should take a lead role in the 
development of operational systems using spizce technology. This role'muBt include 
programs for data and technology transfer ^ all users. To obtain maximum bene-, 
fits these federal agencies must maintain^Mn the development process j a partner^ 
skip approach with state and local agencie^, and close coordination with industry^ 
'private consultants^ and universities. ThS^e agencies must develop a strong 

user interface with space technologists in^prder to implement successfully such 
operational systems. Federal agencies should begin imnediately to exploit 
demons trated capabilities of space technology and should incorporate them^ where 
appropriate^ into operatvng^ procedures for: fulfilling their missions. 

3. - The EROS facility at Sioux Fall^^ South Dakota^ shfittld be expanded to 
meet user needs more adequately^ including, more rapid^dccta dissemination^ and 
increased technical assistance^ education/^ and trainir^. . . 

4. ^ Provisions should be made for the ttser^^communitk to be assured timely ^ 
access to the full range of data obtained from a satellite water^-resources 
program. ' ' ^ S 

5. . An R&D prx>gram should be carried out to develop and improve in situ^ 
and remote tensors that can supply data for use in water resources management 

^ including^ in particular^ water quality param^ters^ soil and sna) moisture con- 
tent j groundwater levels j river and near-shore hydrography ^ water velocity j pre- 
cipitatioKj and ice cover and thickness. For these and other parameters^ the 
capability to make measurements below the surface is essential. 

» 

6. At the eas'liest practicable date MSA should develop space hardware y 
senSi^rSj and necessary programs for accomplishing^ in Cooperation with appropri- 
ate user .agencies^ the following high-priority demonstration projects related 
to inland water resources: 

a. Improved forecasting of runoff from mountain snowpacks 
i.- Mapping areal extent and depth of groundwater 




56 



. c. Mapping areaZ extent and location of seepage from reservoirs^ 
' ' aenalsj and levies , , • 

cf. • SurveillfmSss^f river channel and headh migration « ' 

e. Delineation assessment ofAhoretine processes 

7. flapping of w<^er--related ^lam areas 

g. Relating vrban' development to changes in nmoff . t 

h. NatiomHde inventory of thermal' conditions 

i. Detecpion and measurement of suspended solids • 

0» Detection and measurement of salinity in water and' soil 

• ' Assessm&it of lake eutrophication 

• . l» Assessment of tidal regimds in estuaries " . . 

m. Surveillance of ice conditions 

n. . Assessment of flood damage • ' ' 

^ -0-. Survey of rooted and attached aquatic vegetation 

^. . Detection and early warning' of pollution violations 

7. NASA either singly dr. in combination with related programs of other 
agenctes, should make available to the maximum extent- practicdbU, earth resources 
measurements obtained through ongoing progrc^.^ In tJ^ field of inZd mlZ 
reso^ces, thts availability is considered particularly inp^^ so that the • 

or vUm Lt^ resources may 

^' ^ofessijmal and technical' societies with interests^ in- inland water 
J^froes should dev^Up programs to make the user comunity increasingly aware 
^m^^ oppZicaticm of spac^ technology' to mter reso^ces 

- ■ ># 

«;,^.7?\ ^'^°J'.<^''J'0 facilitate applications of space technology, a pey^dioal 
should be pubUshed, devoted to providing MfomatioA on exisU% %S^.<SZl^L 
iechmques and methodologies f<ir applying space technology to JerTe^lJZT ' 
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POSSIBLE APPLICAT-IONS OF REMOTE SENSING TECHNiQUES 
^ . RELATED TO tUlAm WATER RESOURCES 

I 

* ■ # 

Water Resources Data • . 

■ ' t ^ . 

1. • Delineation of sediment plmnes and Eeasufement of sediment loads 

2. . Definition of mud-water interface fox^ vaJ?ious tidal conditions 

3. Evaluation df effluent discHa3:^patterns ir 

• 4. Monitoring of flow patterns byuS^ of dye injections 

Si • Detection of algal blooms * • 

.6. Oil pollution 

7. Temperature distribution: in reservoiirs 

8. " Water velocity 

9/ Flooded areas * . ' 

K). S^page ^d drainage areas, including canals, reservoirs, and leveea 

11, Levee and dam surveillance 

12. Irrigation return flows 

13» R^ervoir evaporation losses * > ■ . 

14. Noxious groundwater sefeps ^ 

15. Seiches and lake -setup ' ' 

16. . iUver migration • ' - • 

17. Tidal mpnitoring • 

18. Soil moisture measurements " • ' * ' * 

19. Saline intrusions " - , 

20. * Suafface water ma5)ping 

21. Precipitation monitoring . • * 

22. Runoff forecasting 

Agricultural Lands for Water Use Studies • 
» U Extrapolation of land use conditions based on real-time surveys 

a. ^ Acreage change detection ' ^ * , 

" h. Delineation of irrigated and non-irrigated areas 
; c. . Delineation of dry-f armed and native Vegetation 

* . . . 61 
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2. 

3. 
4. 



5. 
6. 
1. 
8. 



d. 
f. 



Determining change 'of fallow lands throughout the year 
D&teimining e^ent o^ multiple cropping 
Deteimining 'planting and harvesting dates 



Identification of major crop groups (for example, tfee and vine, forage, 

and row) and somi individual crops 
Evaluation of rate of expansion of irrigated cropland an^ ground cover 
Anticipat-ed marginal applications 

a. Identification of individual crops not falling under item (2) 
•b. Delineation of sprinkjer irrigated fields 

c. Detection of winter time uses- of water for frost pTrotection 

d. Detection of frost damage 

e. Cold-air drainage patterns for ffost damage potential 

f. ^Detection of soil moisture cfhanges 

g. Detection of salinity and drainage problem areas 

Consumption of water by Agriculture 

Monitoring of aquatic vegetation (emergent and submersed)* 
Monitoring embankment vegetation (veeds and phreatophytes) 
Irrigated land drainage investigations 



Ecology 

1. 
2. 
3. 
4. 



Hajor ecological system interfaces 
Ecological equilibrium and dynamics* 
River and harbor pollution 
Water quality parameters • 



• ^1 



Snow and Ice 



1. Runoff forecasting ^ 

a. Mapping areal extent or snowpack 

b. Teii5)eratur§ of snowpack 

c. " Water content of snowpack 

d. Short-nterm weather forecasting * \ 

In situ monitoring of hydrometeorological parameters in real-time 
•f . ' Soil moisture measurement 



V9f 



Ice jams ^* 
River, sea, and lake ice cover 
Glacial movement and melt rate- 
Glacial fissures ' ^ *^ 
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Native Lands 



!• Acreage change detection, vegetation, cuUural uses, etc. 

2. Definition of broad vegetative types and other dominant characteristics 

3. Evaluation of geologic features ^ 



a. Landfonas 

b. ^ Fault lines 

c. Contact zones 

d. Beach morphology 

e. Alluvial processes 



Urban lands for Water Us 6 Studies 

1. Acreage change detection (land use, impervious areas, etc.) 

2. Urban flood •hydrology 

3. Deline.ation of urban land use patterns'. 

4. Determining location and extent of ^ recreational subdivisions 
Climate' 

1. Forecasts of regional (Climatic tren^ 

4 \ 

Water Resources Engineering % 

1. Design and management of inland waterways for navigation 

2. Engineering geologic investigations 

3^ Site s.elections of reservoirs, canals, conduits, and levees 



Hazards 



1. Conditions for snow avalanches, 

2. Flood alert^ 

3. Bank and beacJi erosion 



Disaster Assessment 

1. Floods 

2. Coastal storms 
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STATEMENTS DF ItlFORMATION NEEDS PROVIDED BY 
FEDERAL AGENCY CONSULTANTS TO THE PANEL 

U.S. Department of the. Interior 
Water Manaiement. in Pacific Nortl^w^st (Bonneville Power Adainistration). 

.1, J^^l^^ inforpation, which would in turn pemit inproved water aanagenent in * 
the Pacific Northwest, could bring benefits including savings of tens of millions 
of dollars. Present limitations ar^^ in: ' "^^^•^•^"^ 

Frequency of observations; 

« 

Ability to estimate total water content of snow; and 
Models to predict runoff from -space-derived data. 

and u^rofE^^fS^"^"''-^-'^','^^"'!! ^^^^g frequent low-resolution data ■ 
and use of ERTS for acquiring less frequent high-resolution data are promising. * 
There IS still the major problem of ^estimating water content. Water intent may 
S f!^^^/ ^ dev6lQpiiient of adequate sensors ^ -use ifith a data ^dl^ction - 
system and/or through the use of microwave methods fr^m aircraft and/or space- 
?raft^ These c^abilities are essential for realizing the full benefit of space 
i:ecimology for reservoir management in this region. . ■ 

Sports, Fish, and Wildlife ' 

1»redictfon of wildlife productivity requires monitoring silrface water and ■ 
^L^/""^ ""^^^ ^- '^'■^ °f monitoring probably requires a combina- 

°f 5>^^<^^ aircraft capabilities. J^rovli models tl predict wilJH 
life pfoAi^tivity are also needed. Many o£ the benefits are social but modest ' ' 
StSr sh r '■''^^ attained on^e the reliabilit3;3Jf prediction ds 
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U,S. Geological Stanley 



^ckground 



The Water. Resources Division of the U.S.. Geological Survey is the largest 
single .water data collection agency in the U.S. Data are collected for multiple 
purposes and made available to many agencies as raw 3ata and as comprehensive 
studies related to water availability and quality. Surface-water^ and groundwater 
data and interpretations are included. The programs are funded through direct 
federal appropriations, state arid federal cooperative programs, and interagency 
transfer of funds. In the cooperative programs, state fuaids generally exceed 
those available from the USGS. / ^ * 

Space Experiments ' . * , 

^ Experiments with data from^satellites have beei\ conducted during ^he 2 years 
since the launch of ERTS-1 and have been highly successful in the following major 
areas: • , • ' * . , 

Experiments using the data collection system (DCS) to collect 
information from in situ sensors; 

Experiments using imagery for wetland evaluation (coastal, swamp, 
and f lood^S^^d 

Experipieats using DCS and imagery to iTsprove inventory of iii5)ounded^ 
watea% • , ■ 

Experiments using DCS indicate a hi^h level of operational readiness* The 
reasons are: * . 

Reliability of transmitter system, ^ 

Easy interface with present in 'situ measuring devices, • 

•Ability to rapidly transmit data to central data banks,* 

Digital* format of data, which reduces intermediate .pxocesRng 
requirements, and 

Sensors located according to performance rather than where most 
convenient for servicing ^' ^ * ^ 

Benefits 

Wktlands and yater impoundment f>XxAjks form a basis for relatj^ng surface 
water and vegetation to epological models. Establishing these models^ requires a 
base of data and using them will requite .continuing observation. The* benefits 
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may be largely social in nature. BRTS-1 data have made it possible to solve 
severai problems that werd attempted earlier with data from high-altitude air-' 
Z^l^tu ^l°^J^i ^° ^® inadequate fox the purpose. Quantification of benefits 
rron the^use of DCS will require more experience. The primary savings in costs 
Tjxii be m reducing the requirements for manpower .or .in allowing the present 
level of manpower to do -a more complete job and thus to support a largfer propor- • 
txon of the requests state and federal cooperation. A side benefit will be 
the more rapid availability of data for management agencies outside the USGS. 

n«n InH ?fn""f,^"^2" ^^^^^ °^ ^^^^"^ Resources Division is between $40 mil- 
tiZ ^ 550 million. A 10 percent improvement in efficiency can be expected 

Zllt^ "^iJ r ^'r^""" '° ^ ^^"^^i^ °^ 54 million to $5 million mky be 

possible. The benefits will prob^Jy be larger h^t more experience will be 
required for verification. " v. xxx uc 



Inmediate Needs 



More reliable automated sensors for water quality parameters are a major 
factor needed to improve efficiency of collection'uiing the DCS and in szUl 
sensors. Longer times between servicing can result in lower manpower require- 

Reducmg manpower reqHirenents is the most direct way of obtaining dollar 



ments. 
benefits. 



U.S. Bureau of Re c 1 amat ion 



Introduction 



One of the important activities of the U.S. Bureau of Rfeclamati^ (USBR) is 
the construction of facilities for storing,' diverting, or delivering water for 
municipal and industrial uses, irrigation, improvement of water quality, power 
generation, flood" control, river regulation, recreation, pollution abat^ent, 
and othey purposes. Facilities include storage and diversion dams and xesmoirs 
vrater transportation and distribution systems, hydroelectric and pumping plants ' 
and related structures. r f s i'-^^^^=>,. 

The USBR program is administered to assist state, local, and other federal 
^^S'^^'.r stimulate local, and regional economies, to enhance and 

protect the environment, and to improve the quality of life through development 
cLtS«r„'J and related land .resources thWout 17 western states in\he . 
continental U.S. and m Hawaii. The qSBR has 153 projects in these western 
n projects include 288 storage dams, 138 diversion dams, and over 

iis?f nf'lKRp"^''"- Nearly-go percent of the construction 

costs of USBR projects is repaid over a period of years directly to the U.S. 
Treasury- by users, of the facilities. Nearly 40,000 square kilometers of farming 
oflh^ot^'f"'''"'''^''^ "^^^ developents. This is approximately one-fourth 

Of the total impated arrAooP in It c ^ iw^cii 



of the total irrigated acreage in the U,S 
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Organization * ^ n 

The U.S. Bureau of Reclamation, under the direction and control of* a! connais- 
.sioner, , consists of the following principal segments: 

Commissioner's office in Washington, D.C., - 

Several engineering and technical-support entities located at the 
"Engineering and Research Center in Denver, Colorado, 

< 

Seven regions with office* locations as follows: 
* • . ^' ^ 

a. Pacific Northwest in Boise, Idaho 

b. Mid Pacific in Sacramento, California < 

c. Lower Colorado in Boulder City,v Nevada 

d. Upper Color.ado in Salt Lake City, Utah 

e. Southwest in Amarillo,. Texas 

f . Upper Missouri in Billings, Montana 

g. Lower Missouri in Denver, Colorado, 

Special purpose offices including those for river basin planning, 
and 

Operating offices within the regions* Ns*:*^ ♦ ' * 

About' 8,000 persofiS^approximately one-fifth of whom coii5)rise the professional 
staff, are employed. Professionals in all fields are utilized in planning,' 
design, construction, supervision, operation and maintenance, and administrative 
functions. Construction work is cai^ied out by private contractors selected 
through competitive bidding*. * " 

• 

Committee for Remote Sensing Programs v 

The EROS Committee, a multidi^iplinary group, was formed at the U.S. Burea! 
of Reclamation's Engineering and Resfearch Center (E^R Center) in Denver to in- 
sure that all divisions of the Center ai^ informed of remot^ sensing programs of 
interest to them and to facilitate tneir participation. In 1970, the Committee 
was given the responsibility for guiding the remote sensing studies undertaken 
by the USBR with EROS program support and related remote sensing investigations 
at the E^R Center and for coordinating these programs with the USBR office in 
Washington, D.C., the regibnal offices, and the USDI-EROS program office^ . 

The Committee is composed of nine members representing each of the major 
divisions at the E§R Center. Its -functions incj^ude: 

«.» ft 

To give advice on actions appropjiate to financing research and 
other activities for remote sensing programs; 

To recommend applications.; . ^ 
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To promote activities for increasing the working knowledge 
about remote sensing techniques; and 

To assist in disseminating information on remote sensing. 

In 1973 technical coordinators for remote sensing were designated in each 
ot the- seven regional offices. This was made necessary by the increased uses of 
remote sensing data. Each coordinator is. responsible for identifying and initi- 
ating remote sensing Applications in each locality and for reporting activities 
and needs for assistance and advice to the ESR Center- Committee and to the ' 
ftasnmgton Office. In some regional offices separate multidisciplinar>' commit- 
tees are also being formed to handle a rapidly expanding technology. 

Remote Sensing Activities 

•» Reiotely sensed data froir both aixiYuit and spacecratt are recognized as 
valuable tools m the investigation, planning, development, and isanagement of 
projects related to inland watef resources. The USE? nust lonsj^JSred one of 
the major users of these data sir^^^ its activities cover a wide variety of earth 
resources disciplines, for exanple. agriculture} 'geolog)', engxuetrln^,, cartog- 
raphy, hydi;ology. and neteorolig)-. Staff competence is beinc osvelopf d to plan 
and inqjiement programs for logical s^i timely incorporation of re-'te sensing 
data into USBR operations. Prograir,s are in progress or have been cor-pjeted to 
evaluate the application -of remote sensor data to several specific problems a,?;d 

- to identif)' sources of data that can be usefu^in opelrations / Programs directeJ 
toward the solution of t>'pical profalens have helped to develop techniques and 
procedures necessar>' for operational utilization cf the data. ^ ■ 

^ ^Environmental Protection Agency " 

"Accurate. aijd timely infomation on status and trends in thOL Environment 

lifPV— P^^^^^ P°^^'=y *° in rplement environmental quality 
programs ^ciently.^ -This sf^ement . from the third annual report of the 
Council on Environmental Quality underlines the fundamental need for the ' ' 
Enviroiimental Protection ^ency (EPA) to acqGire pertinent environmental data. 

EnvironiJental quality data have been collected on a nationwide basis for 
a number of years but the ability to discern trends on a national or even a 
regional scale, is lacking. Further aggravating this situation is the fact that 
list of mandated and suspected pollutants requiring surveillance is growing. 

EPA currently spends approximately $33 million annually on environmental 
aonitoring. State and local pollution control agencies spend approximately 

'^^ private sector is estimated'to spend in the order of • 
>50 million to $-100 million annually off source monitoring. Even at these levels 
Of expenditure,/ monitoring coverage, both spatially aiid temporally, is extremely 
sparse because of the relatively high imit costs of monitoring. With the current 
?n^!L° art, moni^toring- expenfiitUres will have to be increased severalfold 
m order to provide essential data on standards violations, emerging problems, 
and overall successes or failures of pollution abatement efforts. Because of 
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the magnitude of these expenditures, effort toward improving monitoring efficien- 
cies is warranted. In that monitoring is an iterative process generally to be 
continued indefinitely, any improvement in the efficiency of monitoring systems 
will represent cumulative savings that are realized from that point forward. 
Accordingly, even at the xmirrent level of activity, a one-time increase of only 
5 percent in monitoring efficiencies will result in an annual saving to the ' . 
public sector of approximately $7,5 million. 

Considerable effort has been expended by the National Aeronautic^ and Space 
Administration (NASA), the Department of Defense (DoD), and other governmental 
agencies, and a number of organizations in the development of remote sensing" 
s>stems for deployment in satellites, in aircraft^ and on the ground to observe 
and record certain conditions and characteristics in the biosphere. Sufficient 
work has already beei^ done inside and outside EPA to demonstrate the feasibility 
of utilizing Certain of the^e remote sensing techniques, when complemented by 
IK situ measurements and associated data-processing systems, for meeting some 
environmental information needs of EPA and state pollution control agencies. In 
addition, •several of these advanced- techniques appear to hav^ a good pptential, 
\iXti\ some adaptati^on, for meeting a number of other environmental d4ta needs of 
EPA in a uore effective and efficient manner than the approaches now employed. 

EPA, through its Office of Research and Development, has instituted an 
advancement program directed to develop a more effective data system for meeting 
these data needs. In order to strengthen this activity, and in consonance with 
section 104(<i) (5) of the Federa\ Water Pollution Control Act of 1972, EPA initi- 
ated discussions with NASA early in 1973 with the thought of drawing upon NASA's 
expertise and capability in the 4reas of system development, technolog)', and 
management. As. a direct outgrowt^ji of these discussions, a joint NASA and EPA 
.planning co-ordination meeting was held at the Lewis Research Center, 
Cle.veland, Ohio, from February 12 to 14, 1974. Representatives attended from 
NASA Headquarters and 10 centers and from EPA Headquarters and 9 organizations, 
Focusir.^ on problems of the Gre^t Lakes area, a series of projects were defined 
by expert working groups which matched EPA needs with NASA capability aitS 
interest. " 

The pro^* to be implemented 'by NASA Lewis Research Center and EPA Region V 
will center or toe development^ demonstration^ and limited operatioag^ testing of , 
ne^ and improved nonitoring systems for use in the Great Lakes Basin. ^ Much of 
the program car* be ejected "to have application in other areas of the U,S, — 
Media of concern iiiclude water, air, and land. 



Progr^cD Plan fo^Environmental Monitoring Systems for Great Lakes Basin 

The objectives of the program are (1) to dgj'eXop and demonstrate the opera- 
tional /easibility of new and. improved cost-eff ectiv^ environmental monitoring, 
systems for use in the Great Lakes Basin and (2) to develop and implement 
approaches for technical and operations transfer of systems to users. The pro- 
gram is divided into ?he following major work arejas, which are listed in order 
of current emphasis ;*iid concern within EPA Region V: 

Water Monitoring Systems 

Modeling, Data Management ajjd Data Systems Design ^ 
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•Land Pollution and Land Use ' 
Air Monitoring Systems 

Water Monitoring Systems 

Phases of water monitoring, systems to be investigated include: 

Shipboard Monitoring System to design, develop, and install an automled 
multiparameter water quality monitorihg system on the -EPA ship Roger S-uSi, The 
system will include automated sample acquisition, depth and position idenififica-- 

si^?Lr«^^^fJf"?^Ki ^^^>^i^' data processing and transmission. Unt^l other 
systems are available on an gperational basis. Great Lakes Research and Trend 
aM^ hL',"^• . ^«P«"d °n mobile platforms (ships). A few ships presently avail- 
able ^h^ve limited capability for comprehensive and rapid field assessment.- 

In situ Automated Monitoring System to. desigi^," develop, and field test 
concepts of ^n s^tu, multiparameter, all season, and cleaf water auf6mated sys- 
tems for remote monitoring of wat^r quality. The purpose is to reduce field 
^npower requi-rements and to expand the number of parameters that can b# measured 

ErS 1 ^Itr"^^'':^^' ''i" be made of on-station data storage, 

ERTS-1 relay, hard-wire transmission, improved sensor development, telemetry 
and sonar, atmospheric dnput measurements, monitoring station deployment -strategy 
Salysis?"^ (baseline, trend, enforcement, etc.), andQ:Sst^^enef!t ^ 

Remote Sensing Monitoring System to develop and demonstrate the feasibility 
ot using remote sensing monitorihg systems for evaluating water Quality in the 
" ^r^'f ; "^""^^ categories are needed for large areas: (a) s'urface 
'■^KJf ?f^^^ discharge), (b) suspended solids (modeling, 

tfiermal discharge), and (c) chlorophyll concentration. The use of laser for 
algae studies, high-altitude color scanner, and satellite imagery will be in- • 
eluded m the overall. ^valuat ion and cost-e?f^ctiveness s:tudy,. 

Modeling, Data Management, and Data Systems Desi^ 

n c- ■"'^P'^^f ^ includes, within htodeiirig. Data Management, and Data Systems 
Design, the .following: . / cuu. 

Data Management and Display System fofdesign, develop, and demonstrate an 
interactive data management display systemi ^Emission inventory, ambient pollu- 
tion level,, and meteorological «dat^ are collected in many forms by several * 
agencies. Because of format and access difference and lack of interpretation 
models,, these data are not readily available to EPA management in a form useful 
ttor assessment and planning purposes. A protd^ype system will be developed and- 
processes the data, from entry into the system , to output- of usabU 
information including graphic display. . J/ . ; , 
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Thermal Material Transport and Dispersal Models, since no general thermal 
material -transport model exists for the Great Lakes # The project is dependent 
on continuation at Case Western Reserve University of the EP^ Grosse Isle 
Laboratory funded effort for the modeling of whole lake transport^ temperature 
distribution, and near-shore waste-heat dispersal. * The project yill program 
these general models for specific lake geometries and will veri^i^the models 'by 
actual measurements of temperatlire and currents. 5 

Improved Air Quality Models, in*that available modelS are presently bfing 
subjected to comprehensive validation and refinement by EPA in the Regional Air 
Pollution Study program in St. Louis. For the. Grea^ Lakes, models, will incorpo- 
rate particular complications associated with strong pollution sources along 
the shorelines of thej^lakes, tall buildings^ and lake effects on meteorological' 
factors including lar^e changes "in precipitation from year to year. 



Storage and Retrieval 



^ STORET* River Coordination System (AUTCS^lAP)** for which the objective "is 
to complete the development for the rivers in the Great Lakes Basin. This system 
has been partially developed but never completed nor implemented. 
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Land Pollution and Land Use Mon it or iff^ System for Nonpoint-Soiirce ^Pollution 
From Runoff in Rural Areas * " ' " 

This phase covers development of remote sensing monitoring systems for 
assessing the contribution to water pollution from runoff in rura<*land areas. 
Satellite and airdraft remotely sense^ data will be acquired and processed to 
classify specif ic^oil and crop types. On the b^is of crop types, fertilizer 
and pesticide application wil\be^ estimated. Runoff characteristics will be* 
assessed to determine the 'impact to receiving waters. * ^ * 

AirNlonitoring Systems 

While the objectives of the proposed air monitoring systems afe primarily 
related to the needs of the air rq^ulatory pr^Jgram, there are interrelation- 
ships with water resources and the technique may be applicable in both areas. 

Ground-Based Regulatory Air Ntonitoring System to develop and demonstrate 
three t>'pes of ground-based regulatdry monitoring* systems. The met^iods 'in use . 
at present are intrusive, complicated, and expensive, ^parating sources in a 
complex urban setting is difficult aAd often. fails to satisfy legal fequireifients 



*STORET is a data storage and retrie\^al system. 



**AirrOMAP is a method for using STORET data and making three-dimensional plots of 
the data, . • . | 
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an assessing violations. Three systejis will be developed: (a) a quantitative^ 
time- and direction-resolving particular sampler with source signatures based ' 
^L"". r! ^o^elation analysis, .(b) a remote passive ultraviolet absorption 
spectrorileter ff.r defining concentration profiles, and (c) lidar* probe for 
measuring therma;l structure of the^ lower atmosphere from the ground. 

. f,ai.T ^f^®^"^.^'^ "^^^^^ Monitoring System 1 to develop and demonstrate 
a baseline trend air monitoring sjftstem for. regional needs. Existing systems are 

^r^l of'l^K ^, ' ^"'^ '^^^ "^^""^^ ^ °^ pollutants under con- 

iJ^^LrZ ?f ^^^^^ "^^^ ^y^^^" "^"11 "P^le of monitoring the six 

primary air pollutants, trace metals, and hydrocarbons ^t unattended long-tem 
l7Tr.Z^' strategy to reduce data h^dling and costs will Ifg developed. 

tu^7tl It ^^"f "'^^ ""^'^ together with in sitt^ measurements to 



validate the tecfmology 

Program Schedule anli Cost • . 

• . . ^ 

The total program duration is 7 years with- several of the programs becomine 

Which aT "/r ' ^°'y''''' -^.^ siedule is sho^^in Sble iT 

whichalso includes major milestones and designates a time sche3Gie with decision 
points assigned to fiscal years between 1975 an^igSl. Costs for the progr^ 
are presently estimated as: prograiji. 

1. NASA ^ 

« ■ ■ « 

Direct man-years: 180 „ . ' • ' 

. Research § Program Management. ... $5.8 million 



Research § Development 1.4.million 

Total: WJ mi^l ion 

2. EPA" ' ' . ^y^'^^ 

Direct man-years: 35 

Research § Program Management. . . $1.1 million 

Research § Development...: 7.5 million 

Total:' PTF million 
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U.S. Arm>> C^rpg of Engipeers 

• The first Earth Resources Technology Sate*lite (ERTS.-!) was launched ifl 
'i, ^* ^ driuaatised the trejnendous advances being made in the * 

field of remote sensing. In recognition of these advances, the Civil Works. 
Directorate, y.S. Army Corps of Engineers", in fiscal year 1973 i'nitiatea a system- 
atic e\'aluation and field testing of research proven reroute sensing concepts. 
The first year was devoted to-aS evaluation of technolog>'. and was generously 
supported by NASA. This J>ed,'in fiscal 1974, tcr a program of 'applied research, 
a substantial training- and orientation program, and selected related demonstra- 
tion projects. Fiscal. 1975 marks the yea*;, fn which a fally coordinate^ and 

■ documented group of, demonstration projects will b? implemented to provide a basis 
for evaluating t*e-benefits of resaote sensing technolcfgy, 

While the ERTS program, is a keystone of Civil Works activities in the field 

' 9f.'ye">o<:e'<sensing, it does not play a predominant role in those activities. The 
Civil horks Directorate emphasizes multistage and multisensor testing with the 
objective of defining an optimum combination of sensors and processing techniques 
for each of the applications^ in which remote sensing technology provides identi- 
fiable benefits;. The benefits relate generally to two classes oaactivities: 

Effect^'e and efficient acquisition of specific types oj 
infomiation, ^d ■ . ' 

Effective and efficient identification of changes in previously 
. observed conditions. ' 

In developing our demonstration program, we have relied on field office 
involvement.- The field offices have been asked to identify information require- 
ments as well as ongoing projects for which demonstrations of remote sensing 
techniques night be developed. As the demonstrations are run, persdnnel having 
a direct responsibility in the ongoing project participate in the planning- ajid 
coordination of_the demonatration, provide supportive or auxiliary data, and 
evaluate the results. . It has been found that the use of such parairel " demonstr^ 
tions leads to the most effective method of evaluating the capabilities and 
potential. for further development of remote ^epsing" techniques. It also leads 
to the greatest acceptance by the ultimate u^er when" the results warrant such ♦ 
acceptance. ' * . . ^ 

The information requirements Obtained from the Meld offices have been 
grouped intb the following 12 general categories: F 

. U Land cover—identification of type an<rr^ation of land cover and, 
where poss.ible, land use. Categories include urban, rural, agricultJiral-, vegeta- 
tion, natural resources, wetlands, and surface water. These data can be updated 
to monitor- land cpver <:Kange.' Applications for this approach, include location 

.of waste-water treatment sites, relationshfps. between land use and pollution 
type and load, relationship of land use to socioeconomic data, location of land * 

.Sites for diredge disposal, and others. 

83- ^ •;; ,• 

• . * , 75 ... 
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2. Littoral processes — identification and monitoring of water circulation 
patterns/ sedimentation' rates and patterns, shoaling, bottom profiling, wave * 
mechanics, sanfl inventories, and coastal erosion and deposition location and rates. 
Applications for this approach include physical and mathematical model verifica- 
tion, near shore and offshore construction requirements, identificafion of areas 

' requiring dredging activities, location of benches requiring sand replenishment, 
.and others. ^ 

3. Subsuijlj^e water— identification of location, route, and flow patterns 
of wa;er below t" surface of the ground with use of surficial and subsurficial 
ge(Mog>-, vegetative cover, and soil moisture a§ indicators. Applications include 
identification of areas of seepage around and/or through structures, drain tile* 
locations,^ water-table definition for land acquisition requirements in reservoir 
planning, levee stability, and others* 

4. J^ater quality— identification of salinity, dissolved oxygen, conductiv- 
ity, turbidity, temperature, and organic substance in water , bodies. Applications 
.include assessment of eutrophication or suspended sediment in water bodies, 
adequacy of reser\'oirs to support recreational activities, and others. 

^* 

5. Geolog>' and soils — identification of rock tyj^ and genesis; ign^ous^ 
raetamorphic, and sedimentar>'; relationship of type and depth of overburden to 
parent material; location of fault size,' .t>-pe,' and activity; mapping of - caves, 
caverns, and sinkholes; identification of Pleistocene, formations (kames, drum- 
lines, moraines, etc%); identification of drainage patterns; and delineation ' 

of limestone formations. Application^ include dam locating, road route selection, 
dam stability evaluation, construction materials location, definition of con- 
straints to construction, and others. " ^ •* . 

6. Environmental impact — identification of predictive or evaluative factors 
in naturd ^hat have been or will be iiq)acted by l^d use activities and construc- 
tion projects. Applioationsr include project siting, effect of fluctuation of " 
water level on vegetation, influence of ^strifi mining on erosion^ monitoring ceast- 
line conditions for permit awards,* and others • « ^ 

7^ River engineerings-identification of limits of backwater areas, river 
alignment, river Ci^w patterns and rates, transverse 'and Ipngixudinal surface 
sediment distribution, velocity fields, bed form effects, assessment of the 
physical voilnerability of natural and manmade structures. Applications include 
definition of construction requirements in "fiver systems (ripr^, bed foiia ^ 
structure), dredging requirements, flood abatement structures^ improvement of 
natural and manmade levee systems, location of areas of high erosion potential, 
•identification of dredge-disposal sites, and others. . • . 

8. Flood pl&in ma|ping— mapping extent of flooding waters and identifica- 
tion of flood plain features th.at represent flooding frequency interval bounda- 
ries, implications incluxe flood plain management, flood parotection control, 
•flood plain surveys, pre-flbod damage potential ase^ssment, post-flood damage . 
assessment, spilSVay management, setting up priorities for areas requiring dis- * 
aster relief, and others. 

■ ■ ■ . • ■ " • ■ • - • ^' ■ 
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c«fj.r^.\cc^^°^^P''f °' distribuUon and quantity.of sndw 
cover, a^sessnent of snOw water content, deteipination of s6il pei^eability 
^tZt^^'T potential precipitation of clouds. Applications incl^^ 

ii SJ'^Ti'^' deterB4nation of storage capacity and releale 

rates m^esen-'oirs, Hood-danage prevention, aAd others. 

« 

conauriications-utilization c«f ground-based data coUectiqn plat- 
w!^ that report river stage, rainfall, information on coastal winds and tides 
water quality parameters, and snow depth. These data are relayed by satellite-' 
to-ground receiving stations, several times ^ly and trknsmitt'ed back to l^e ■ 
ujer on a near real-tine basis. Applications include the definition of reservoir 
colfefcWor!^ relationships, supplement or replacement 'of existing microwav^ data 
collection systems with a more cost-effective satellite systerf, prediction of 
runoff potential, waniing mechanism for water quality degredatloS, and others. . 

11. Digital processing-development 6f use of computer for interaretation 
display and storage of remotely sensed'data. Input includes comJuteSco^aSble 

SinS""'SuS:t'-''?T' 'fe' Ph°^°g^Phic data, and data collectionTlatfi^ 
recordings^. Output includes alphanmeric products, film reader and writer pro- 
^cts, calcomp plotter products, conn^uter cards,, results for correlation Ld 
regression studies, and others. ' . . <uiu ^ 

12. Ice mapping-mapping location, extent, and mcivement patterns of ice 

in';:t;r t^JiLT^rotL^s'^ °' p^^'^-^^- °^ 

. * • • 

« Final 1>' the USCE has initiated, in response to field office requests an 
extensive training program related to remote sensing. Training coSses a'; bein. 
offered m photomteipretation. Side Lookin'g Ai^rbor^e Radar (SLA^rand on tt 

Sp'S^TrOmotr '"^^^^'^ 'y^^^' in other 

Sr^rfi J sensing, far example, , the characteristics and Aises of mult i- 

spectral< imager)- and computer data, are being considered. / " 
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